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ON THE STRUCTURE OF HYDRATED CELLULOSE OBTAINED FROM 
RAW JUTE FIBRE 

By S C Skkab, D Sc , F N I , and N N Saha, M Sc , Palit laboratory, rhymes 
Department, University College of Science , Calcutta, 

(Received August 15 , read August 30, 1946 ) 

Absteact 

X ray investigation of the structure of raw jute fibre first treated with NaOH solutions of 
different concentrations, both under tension and without tension, washed m water and then 
dried in free air for several days reveals that when tension is applied to the fibre during the 
treatment even a 30% NaOH solution converts only a part of the native oellulose into hydrated 
cellulose, but if no tension is applied the oellulose is wholly converted into hydrated oellulose 
The structure of this hydrated cellulose Is slightly different from that obtained by previous 
workers from raw cotton or ramie fibre The dimensions of the unit oell of this hydrated cellulose 
are a~88AU,6=°10 3AV,c°°9SAU, and 0 — 67° 64' This treatment is found to 
make the fibre softer and to diminish its thermal conductivity, sO that some of its physical 
properties are almost the same as those of coarse wool 

Iktbodttotion 

It is well known that when cotton or ramie fibre is treated with NaOH solution, 
washed in water and dried m free air the native oellulose in the fibre is either partially 
or wholly converted into hydrated cellulose, the percentage of native cellulose 
present after the treatment depending upon the strength of the solution used and 
its temperature The question has been investigated thoroughly by Sisson and 
Saner (1941) They have shown that raw cotton fibre is completely converted into 
hydrated oellulose by the action of 18% NaOH solution at the room temperature, 
no tension bemg applied to the fibre during the treatment, but above 65°C. the 
native cellulose in the fibre is only partially converted into hydrated oellulose even 
by 50% NaOH solution. Bleached cotton was found to give the same results* as 
raw ootton fibre The analytical composition of the hydrated cellulose has been 
observed to be the same as that of native cellulose, but the crystal structure of the 
former is different from that of the latter The dimensions of the unit cell of dried 
hydrated cellulose as determined by Andress (1929) are. ti = 8 1 AU, b =• 10 3 
A U., c mm 9’1 A U and ft ™ 02° It is, however, not known whether raw jute fibre, 
which contains about 10% to 13% of lignin besides native cellulose, behaves in the 
same way as ootton fibre when treated with NaOH solution. The present investi- 
gation was therefore undertaken to study the crystal struoture of the product ob- 
tained by treating raw jute fibre with NaOH solutions of different concentrations 
both under tension mid without applying any tension, washing it with water and 
drying The values of thermal oonduotivity of the hydrated cellulose obtained by 
treatment with 30% NaOH solution and of the raw jute fibre have also been deter- 
mined. 

Exptotmhktai 

the treatments which small bundles of ‘white top’ raw jute fibre had undergone 
before their structures were analysed with the help of X-rays are enumerated below . — 
(«) The small bundle was kept immersed in 18% NaOH solution for half an 
hour without applying any tension and then washed in top-water and 
dried In free air for more than a weak. a 

<6) A second groujf'of fibres was slightly stretched with the help of weight! 
and the fibres were treated in (a), 

vol. xm-tfo. i 
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(c) The process (a) was repeated m the case of a third bundle, using 30% 

NaOH solution 

(d) The process ( b ) was repeated, using a fourth boodle and 30% NaOH 

solution 

(e) The product obtained by treatment (e) was again kept immersed m 1% 

NaOH solution for a few hours, washed in water and dried m free air 
for a few days 

(/) A socond sample of the product mentioned above was kept immersed in 
water at about 65°C for a few hours and dried in free air for a few days 
(g) A third sample of the same product was dned at about 106°C for three 
hours m an eleotnoally heated chamber 

X ray pattern of the produot after each of the treatments mentioned above was 
photographed by exposing a group of about a dozen strands seleoted from the sample 
to u n filtered Cu radiation from a Hadding tube The strands were held parallel 
and close to cat h other with their lengths vertical in a special holder The width 
of the bundle was wholly covered by the cross section of the mcident X-ray beam 
A sht system consistmg of a cylindrical bore about 0 5 mm in diameter and 4 cm 
in length along the axis of a lead rod was used An exposure of about 8 to 10 hours 
was necessary for obtaining a good photograph 

As the fibre subjected to treatment (c) mentioned above resembled coarse wool 
the thermal conductivities of this treated fibre and of the original raw jute fibre 
were also measured 1 using an apparatus used previously by Niyogi and Basu 
Mallik (1942) and modified recently by Bhattacharyya, P K , of this laboratory 
The results obtained m all these mvestigations are discussed m the following section 

Results and Discussion 

The X-ray diffraction pattern of the fibre obtained after treatment (c) is re- 
produced in Fig 2, Plate T, while that for the original raw jute fibre is shown in 
Fig 1 The spacings of the planes giving reflections in the equatorial layer fine 
are given in column 4, Table 1, these planes being marked A s and A% respectively 
starting from the mnermost one If these are identified with (101), (101) and (002) 
planes respectively, as has been done by previous workers m the case of hydrated 
cellulose obtained from cotton or ramie, the dimensions of the unit coll given in the 
same column are arrived at For the reflections in the other layer linos the relation 

= 0 018A*+0 015441 2 -0 0177A1+0 00943/t 2 

is found to be satisfiod Tho spoemgs of A%, A 2 and A 8 and the dimensions of the 
unit cell observed in the oase of dry hydrated cellulose by Andress (1929) are 
given in oolumn 3, Table I It can be seen from Fig 2 that praotioally the 


Taulk 1 



Water cellulose 
Bakurada and Hutmo 

Hydrated cellulose 
dried (Andreas) 

Hydrated cellulose 
from raw jute (present 
authors) 

A x 

8 08 A U 

7 32 A U 

7 96 AU 

A, 

4 41 „ 

4 45 „ 

4 42 „ 

A t 

3 95 „ 

4 03 „ 

4 03 „ 


10 03 „ 

8 14 „ 

8 8 „ 

b 

10 3 „ 

10 3 

10 3 „ 


9 98 „ 

0 14 „ 

9 6 „ 

P 

62° 

62° 

57° 64' 


1 The authors' thanks are due to Mr S K Mukherjee for carrying out these measurements 
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whole of native cellulose in jute fibre is converted into hydrated cellulose by 
treatment (c) in whioh 30% NaOH solution is used and no tension is applied to 
the fibre The results given in Table I further show that this hydrated cellulose 
when dried in free air has a structure different from that found by Andress (1029) 
in the case of dry hydrated cellulose obtained from other sources The structure is 
also different from that of water tellulose obtained by Sakurada and Hutino (1936) 
by treating ramie with 18 5% NaOH solution, wash mg it m water and without 
allowing the product to dry, as can bo scon from < olumn 2, Table I They pointed 
out that in the case of the hydrated c cllulose obtained by them some water mole- 
cules penetrated inside the lattice wbilo the sodium atoms woe removed by washing 
the treated fibre in water, and < onsequently, tbe unit cell was larger m the moist 
state than in the dry state The moist hydrated cellulose vhu h was called by them 
‘water cellulose’ showed a (101) spacing of 8 98 AU , hut when it was allowed to 
dry in free air for three days this sparing was reduced to 7 06 A U and when dried 
at 105°C for about three hours the same spacing was further reduced to 7 .12 A U 
It is, however, observed in tho present investigation that tho (101) spa. mg m the 
hydrated tellulose obtained fiom juto fibre by tieatment (c) and dried m free air 
for more than a week is 7 90 A U which is greater than 7 66 A U observed by 
Sakurada and Hutino in the case, of hydrate cl tellulose obtained from ramie and 
dried in free air When the hydrated cellulose obtained in the picsent investigation 
is dried at about 100°C in an electrically heated chamber, it is found to be partly 
converted into native cellulose and the spacing of the (101) plane of the remaining 
hydrated cellulose changes to 7 42 A U The pattern ob tamed after this treatment 
is shown in Fig 8, Plate I Tho presence of (101) and (101) reflections due to native 
cellulose is clearly seen between tho (101) and (101) reflections of hydrated cellulose 
and the widening of tho (002) reflection indicates tho presence of (002) reflection 
from native cellulose corresponding to a spacing of 3 92 A U superposed on that 
due to hydrated cellulose Further treatments (e) and (/) do not alter the structure 
of the hydrated cellulose obtained by treatment (e) os . an bo seen from the corres- 
ponding patterns shown in Figs 6 and 7 It has also been found that ageing for 
three months does not alter tho structure (Fig 9) 

When tension is applied to tho raw jute libro during treatment with 30% NaOH 
solution washed m w ater and dned in free air, tho major portion of natn e cellulose 
is converted into hydrated cellulose having the structure given in column 4, 
Table I, but part of the native cellulose remains unchanged as can be seen from the 
pattern reproduced in Fig 3, Plate I The proportion of such unchanged cellulose 
observed after treatments (a) and (b) (with 18 5% NaOH solution) is still larger as can 
bo seen from patterns shown in Figs 4 and 6 Hcnoe the behaviour of raw jute 
fibre is different from that observed by Sisson and Saner (1941) in the case of ootton 
fibre 

The thermal conductivity K of the hydrated cellulose obtained from jute fibre 
in tbe present investigation is given in Table II 


Table II 



iton f B , TU “ 


ft * hour i! 

Hydrated cellulose from 



0 24 

Raw jute 

0 28 

Pure wpol 

0 24 
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It can be seen that the thermal conductivity of hydrated cellulose is smaller 
than that of raw" jute fibre and is the same as that of pure wool This hydrated 
cellulose ib much softer than raw jute fibre Henoe-^t.is quite suitable for being 
used as a oheap substitute for coarse wool m making warm fabrics 

Acknowledgments 

The work was done under a scheme drawn up by Prof M N Saba, F R S , and 
finanoed by the Indian Central Jute Committee, The authors are indebted to 
Prof M. N Saha for kindly providing facilities for the work in the Palit Laboratory 
of the Physics Department and for has kind interest in the work, and to the Indian 
Central Jute Committee for the financial help 

References 

Andrew, K R (1929) X ray diagram of mercerised cellulose Z Phyi Ohtm 5,4,190 
Niyogi, K C and Basu Mallik, J R (1942) On the thermal conductivity of indigenous in- 
sulating materials Ini J Phya , 16, 241 

Sakurada, I and Hutino, K (1936) On the intramicellar swelling of cellulose by water 
Koiloxd Zeit , 77, 348 

Sisson, W A and Saner, W R (1941) On the mercensation of cellulose with NaOH solution 
of different concentrations J Phya Chem , 45 , 717 


Explanation of Plate I 
Fig 1 Raw High Top jute fibre 

Fig 2 Fibre subjected to treatment (c), (30% NaOH without tension) 

Fig 3 Fibre subjected to treatment (ci), (30% NaOH with tension) 

Fig 4 Fibre subjected to treatment (a), (18% NaOH without tension) 

Fig 8 Fibre subjected to treatment (b), (18% NaOH -with tension) 

Fig 6 Product of treatment (c) subjected to treatment (e), (washed in 1% NaOH solution) 

Fig 7 Product of treatment (o) subjected to treatment (/), (steeped in water at 65°C ) 

Fig 8 Produot of treatment («) dried at 106°C for three hours 

Fig 9 Product of treatment (c) dried in free air for throo months 
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SOME NEWLY OBSERVED LINKS IN THE NITROGEN CYCLE 

By Gilbert J Fowler, D Sc, FRIC,FR San I , F N I 

(Received September 10 , read October 18, 1946 ) 

It is now nearly seventeen years since the present writer had the honour of 
delivering a second Presidential Address to the Indian Chemical Society and chose 
as his subject the field of work with which he was most familiar, viz ‘Reoent 
Researches on the Biochemistry of the Nitrogen Cycle’ Following that address 
he was called upon some years afterwards to deliver a course of lectures as Sakraj 
Ray Reader in Natural Science m the Patna University and chose the same subject 
Finally in 1934 he collected suoh knowledge as ho possessed in the book entitled 
‘An Introduction to the Biochemistry of Nitrogen Conservation’ This volume was 
based on material conoemed with the same subject extracted from a former publioa 
tion, by then out of print, bearing the more extended title of 'An Introduction to 
Bacteriological and Enzyme Chemistry ’ 

The decade following the publication of the later volume m 1934 was mainlv 
preoccupied with the seoond world war and in oonsequenoe fhere was during most 
of the time an almost oomplete cessation of new public works construction 

Nevertheless, perhaps indeed on account of this, it has been possible to devote 
oloser attention to the aotual operations for the disposal or purification of waste 
organic matter whether by means of sewage ‘works’ or sewage ‘farm’ As a result 
now phenomena have been studied and m some cases quite now view points have 
developed, from which older knowledge can be usefully criticised 

In the absenoe of suoh research work those who were closely occupied with the 
dady duties of works or farm were contont to base their operations on the simple 
sequence with whioh most would be familiar, viz the production of ammonia or 
ammo compounds in the sewage tank by the bacterial decomposition of protein; the 
oxidation of ammonia to nitrate, and the recovery or fixation of nitrogen from the 
air by the activity on the farm of leguminous plants By the application of suoh 
knowledge it was possible to run a works or a farm with reasonable success There 
still remained the question of sludge, the ‘slimy deposit’ left in the settling tanks 
This was ‘disposed of’ in various ways or ‘digested’ with production of methane 
to be used for power, leaving behind the same residue as would be found at the 
bottom of a bog and with the same lack of agricultural usefulness 

Besides liquid nitrogenous waste or sewage, l e ‘water after it has been used’, 
is the dry or semi-dry refuse arising from the ‘oonservanoy methods of towns, 
this material bemg either burnt in destructors, with resultant piles of useless dust, 
or disposed of m ‘ controlled heaps ’ not infrequently becoming a paradise for rats 
It has been well said that if the same attention were to be given to sludge and 
other kindred waste material as has been given to coal, whioh, after all, is only on 
advanced stage of sludge, results of even greater value might be expected The 
subjeot, as a valued correspondent put it after a talk with Sir Robert Robertson, 
affords not merely a field but a ‘perfect praine ’ of research 

Clearly, to vary the old proverb, if a chain is to be strong every link must be 
able to stand the strain Thus for the economic) conversion of waste orgamo matter 
into food for man and animal there must not be preventable loss at any point 

Pondering upon the many possibilities of new knowledge the writer was led to 
reoonaider some important observations of his earlier years connected with the 
function of nitrate in the sequence of changes involved in the oomplete conversion of 
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putrescible orgarno waste matter into inoffensive plant food Tins and no less, it 
may be said, is the true objoctivo of the sanitary ohemist'Jmd engineer 

Consequently, tho writer put together his thoughts on the subjeot in a tentative 
paper entitled ‘The Function of Nitrate in Sewage Purification’ and sent a few 
copies to his fellow workers m the sowage field for their criticism A considerable 
file of interesting and important comments resulted and the present paper is based 
on tho original draft amplified by still more recont observations which have been 
made in this and other allied aspects of the cycle 

Tho papci may thus be conveniently dividod into two parts, vi7 — 

I The Function of Nitrate m Sewage Purification 
II Other Links in the Life Cycle 

Part I 

The Function of Nitrate tn Sewage Purification 

Early m tho writer’s experience in tho field of Sewage Purification, viz as far 
back as 1001, ho published a paper boforo the Royal Institute of Public Health 
entitled ‘ Some Points m the Management of Septic Tanks and Bacterial Contact- 
beds ’ 

The paper was accorded a good doal of attention at the time and tho mam 
conclusions wore ombodtod m tho Annuul Report of tho Manchester Corporation for 
the year ending March, 1*101 The following extracts have a special bearing on the 
subject now under consideration — 

The thorough drainage of a bacteria bed is of tho first importance in securing 
a good effluent If the water cannot got out, the air cannot got in, and 
tho lower parts of tho bod rapidly beeomo putrid and tho nitrates decrease, 
perhaps are quite absent Horo it must be emphasised that when the 
nitrates decrease and simultaneously there will always, as a rule, bo an 
increase of nitrites, the bed must bo rested 
On examining the material of a contact bod in active condition, every piece 
of it will be found coated over with a slimy growth If this is romovod it is 
found to bo a stiff jolly which after a little drying can be cut with a knife 
If placed m a tube containing air, and connected with a manometer, the 
jelly will rapidly absorb all the oxygen with production of carbon dioxide 
This aotion will sometimes produce a vacuum equal to several inches of 
mercury This experiment shows that there is little need to foroe air into 
a bed 

For the successful working of bacteria beds, tho following methods of procedure 
will be calculated to give the host results The bed must he worked very 
slowly at first in order to allow it to settle down and the bacterial growtkis 
to form 

The burden should not be increased till analysis reveals the presence of 
surplus oxygon, cither dissolved or m tho form of nitrates, in the effluent 
As a result of the careful adherence to this procedure in the days of early 
enthusiasm effluents of exceptionally high nitrate content were obtained so that it 
was possible to adopt a policy of mixing highly nitrified effluents with those less 
efficiently purified giving a mixture which was’ non-putrefaotive and] which was 
aooepted by the statutory authorities 

There oan bo no doubt that when a oontaot-bed is worked stnotly acoordmg to 
the rules laid down in the early days of intensive study, high mtnfioation results, 
and m the case of secondary bod lOffl (at the Davyhulme Works) an almost indefinite 
prolongation of the life of the bed was aohieved This bed was stopped on the 
22nd February, 1932, after having been in operation for 27 years During the 
last two years m which the bed was m operation the mtno nitrogen content in the 
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effluent was maintained steadily at an average of 0 82 parts per 100,000 From 
the corresponding figures for ammomaoal nitrogen in the influent and the effluent, 
viz 1 81 and 1 09 respectively, there would not appear to be much loss of nitrogen 
during the passage of the influent through the contact bed In this somewhat 
remarkable case it is evident that the bacterial jelly with its adsorbed organic colloids 
was continually converti d under steadily maintain! d aerobic conditions into easily 
drainable humus Some ol this no doubt escaped as fine particles in the effluent 
and the remainder formed part of the active body of the contact bed 

It is at any rate clear that the prosinco of veil oxidised humus is favourable to 
active nitrifioation 

The relation between the presence of humus and tho nitrification of organic 
matter would seem to have been first emphasised by Adeney in his classical researches 
on the conditions of oxidation of sewage matter 

Adeney concluded that oxidation of oigatuo matter proceeds in two well defined 
stages which may bo briefly described as the carbon oxidation stage and the mitogen 
oxidation stage 

While confirming tho conclusions of earlier workers that the nitrous organism 
cannot carry oxidation beyond tho stago of nitrite whereas the nitric organism only 
oxidises nitrites to nitrates, ho addtd tho further important conclusion that the 
presence of peaty humus matter appears to preserve the vitality of the nitric organisms 
during the earlier stages of tho fermentation process and to establish the conditions 
whereby it is possiblo for the nitric organisms to thrivo simultaneously with the 
nitrous 

The somewhat curious fai t of the apparent necessity of tho presence of humus, if 
sewage matter is to he fully nitrified, is loft unexplained and undiscussed The 
importance in publications of scientific research of accurately recording facts, even if 
not completely understood, is once more emphasised in these observations of Adeney 
A very important paper has since been published entitled ‘Some Further 
Considerations on the Oxidation of Mew age’ by F It O’Shaughnessy and S J 
Roberts (J Soc Chem lrul , Vol 57, p 281, 1938) m which the somewhat indefinite 
reference of Adenoy’s is shown to be of great significance 

O’Shaughnessy and Roberts stato that under conditions such as may obtain m 
praotioe carbon and nitrogen oxidation may proceed simultaneously but the oxidation 
of ammonia is dependent not upon the aba< nee of carbon but upon the presence of 
humus solids 

It is evident from this observation that tho sludge produced after nitrification 
has set m, is what may be termed a ‘nitrifying sludge’, is of a quite different 
character from that obtained when aeration is continued merely to the ‘ clarification’ 
or even ‘oarbon oxidation’ stage Tho earlier partially oxidised product may bo 
desonbed as floe, the other as humus 

There ib, however, a still further stage to bo considered In describing the 
biochemical changes taking place in the contact bed it was pointed out that there is 
an alternation of active nitrification while tho bed is emptying and draining and of 
denxtnficatum when it is standing full The denitrification process is at the same 
time one of carbon oxidation, and cellulose and hemi- cellulose derivatives are then 
converted into humus much as they are m tho gardener’s leaf mould pit 

To limit the aeration in an activated sludge tank merely to what may he termed 
the floooulation stage is to fail to utilise the reserve of oxygen m the nitrate produci- 
ble from the ammonia still present and to leave a sludge disposal problem of increased 
difficulty, floe being much less easily drainable than humus, and since there is no 
reserve of nitrate m the interstitial water the sludge is liable to offensive decomposi- 
tion if allowed to accumulate under anacrobio conditions 

Moreover, this denitrification process can b© utilised for the final purification of 
semi- purified effluent by a mere mixing together either in a final denitrification tank 
or actually in the stream receiving the effluent 
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As already noted, this method of final purification was actually advooated by the 
Manchester chemists in the days of tho contact bed andk was accepted as adequate 
by the supervising authorities The writer would urge that close study be given to 
this cycle of nitrification and denitnfioation changes in the light of all the experience 
which has accumulated since those early days 

In the old and often quoted experiments of Scott-Moncrieff a high degree of 
nitrification was obtained by tnoklmg an effluent with high ammomacal nitrogen 
content over a series of superimposed trays containing filter media The oourse of 
nitrification was considerably interfered with if the sequence of the trays was altered 
The assumption was that tho activity of tho nitrifying organisms was inhibited 

Recent experience would point to a different explanation Researches published 
by the Water Pollution Research Board in their Annual Report for the year ended 
June 30th, 1938, show that when two percolating filters are operated in series great 
efficiency results if the action is from time to time reversed and No 2 filter becomes 
No 1 filter and vice versa 

It would thus appear more likely that denitrification takes place resulting in more 
complete oxidation of the organic matter as a whole but loss apparent yield of 
nitrate 

That such alternate nitrate formation and reduction takes plaoe even in a compost 
heap is clear from the early experiments of Rege (J Ind Inst Sc , Vol 8A, Part XIII, 
1 925) which laid the foundation of tho technique followed in the production of what 
is known as ‘ activated compost ’ 

Rege found that by aerating a mixture of sulphate of ammonia, oalcium carbonate 
and grass powder with activ atod sludge the ammonia at first was rapidly converted 
intro nitrate, while on further aeration tho nitrate disappeared with, however, no 
loss of total nitrogen From this point repeated additions of ammonium sulphate 
and grass powder wore made, when it was found that disappearance of mtrate from 
the solution took place more and more rapidly with successive additions Finally, 
the additions of ammonium sulphate and gross powder were made simultaneously, 
and at this stage the whole proooss of nitrate formation and disappearance took 
place within 24 hours 

Experiments (unpublished) oamed out a few years ago at the Indian Institute 
of Science showed that if finely powdered cellulose matter was added to the aeration 
tanks in an activated sludge plant (l e in presenoe of ample aeration by means of 
diffused air) all the soluble nitrogen was removed from solution and was built into the 
resulting sludge which was very oasily drainable and was of the nature of humus 
A study of reoently published discussions on closed percolating filters leads to 
the conclusion that improved conditions for nitrification due to rise of temperature is 
the most important factor in the apparent increased output of a dosed filter 

The old observations mentioned oarlier of the measurable vacuum caused by the 
‘breathing’ of the bacterial jelly on tho medium of the oontaot bed would seem to 
render unnecessary the forced aeration of the closed filter Provided the natural air 
supply is not impeded it is doubtful whether any artificial increase over the natural 
draught will seriously accolerate the rate of oxidation of the blaok film frequently 
present on the under surface of the slimy coating on the filter medium On the 
other hand, the infiltration of a solution of mtrate would facilitate the oxidation of the 
blaok film with simultaneous reduction of mtrate 

No doubt in absence of adequate aeration nitrites may be formed with consequent 
loss of nitrogen either in the free state or as nitrous oxide which gas was aotually 
found by Letts to be present in a contact bed under oertain conditions It must 
be remembered that every percolating filter is really intermittent in its aotion 
Unless the influent is aotually run through m a single mass as in a mechanical watei 
works filter there ib an interval between the arms of a rotary distributor or the 
return journey of the travelling distributor on a rectangular filter which must produoe 
conditions alternating between nitrification and denitrification 
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Careful study of the conditions of compost making shows the necessity for 
adequate aeration if loss of nitrogen is not to take place Howard, indeed, advocates 
that compost heaps should be provided with aerating chimneys and ample under- 
drainage 

The periodic ‘turnings ’ of a compost heap again are likely to produce conditions 
of alternate nitrification and denitrification, although simultaneously carbon 
oxidation will go on If there is no aotual Iobh of nitrogen in this case, and careful 
frequent analyses seem to negative this possibility, then the ammomacal nitrogen 
must eventually be ‘demineralised’ and be ‘built in’ to the humus which finally 
results, passing no doubt during the process through the bodies of many living 
organisms characteristic of the special conditions obtaining m any given case 

Attempts have been made by various workers m the past to purify sewage 
merely by the addition of nitrate of soda in quantity sufficient to supply adequate 
oxygen through denitrification It is doubtful whether the conditions thus arranged 
are really the most suitable for efficient purification The following passage from 
the Annual Report of the Rivers Department of the Manchester Corporation for the 
year ending March 27th, 1901, p 73, is not without significance — 

‘It was found that when a primary filtrate was allowed to stand overnight 
in contact with air, or when it was aerated by shaking every quarter of an 
hour during two hours, a distinct improvement resulted, though almost 
invariably at the expense of the nitrate present 
‘The economical bacterial purification of sewage on a large scale depends 
essentially upon the addition of oxygen t« presence of the requisite bacteria 1 , 
consequently, although aeration alone is incapable of appreciably purifying 
sewage (see City Surveyor’s Report, 1 897, page 29), yet when aerobic bacteria 
arc introduced by addition of a volume of well-nitrified filtrate, it is probable 
that aeration may play a much more important part ’ 

Here possibly may be seen an adumbration of the Activated Sludge procoss 

Finally, reference may be made to the remarkable results obtained by Lockett 
at Mogden by what he terms the ‘complete process’ In this technique Lockett 
relies upon the frequent complete conversion of ammomacal into nitrate nitrogen 
This is effected by recirculating a largo proportion of the highly nitrified effluent 
together with a high proportion of nitrifying sludge Lockett describes the sludge 
so obtained as settling very rapidly and bemg easily filtered and has stated in a 
letter that it contains more than 8% of nitrogen It might be assumed that this 
high percentage of nitrogen is primarily due to what may be termed the ‘ fraotionatmg ’ 
of the sludge by the removal in presettlement tanks of a large proportion of the 
mineral matter which would otherwise form part of the final product In view of 
other observations, however, it is possible that this high percentage of nitrogen 
content is due to the ‘demineralisation’ of ammomacal nitrogen already referred to 
in connection with Rege’B researches on compost In any event Lockett’s results 
entirely confirm the conclusions of workers m other Bpheres, notably Howard who 
writes from the point of view of an agriculturalist, that aerobic conditions are neoessary 
if true humus is to be obtained and, it might be added, if the maximum conservation 
of nitrogen is also to be effected in the various techniques employed in the utilisation 
of habitation waste 

The present writer’s conclusion is that the true conditions for the efficient and 
economical purification of sewage oonsist in the building up of an initial mass of 
highly active nitrifying sludge and mixing this with the sewage under conditions of 
adequate aeration A state of things is thus set up in whioh the nitrate present is 
alternately reduoed and re-formed from fresh additions of ammomacal nitrogen, the 
humus which is siitoultaneously produced showing a high percentage of nitrogen 


Italic* abaeat m original refenenoe 
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due to the building of ammomacal nitrogen into the bodies of living organisms and 
possibly also to the formation of complex organic molecules by the combination of 
the nitrogen with the carbohydrate residue present 

In this way the nitric nitrogen present virtually acts as a catalyst and once the 
oorreot conditions arc i stablished a considerable reduction m the power consumption 
required for aeration should be achieved A hint of such a result is given m his 
Report for 1937 by the Chief Sewage Chemist of Shanghai He speaks of having 
more or less by chance obtained a sludge in all respects satisfactory with a low power 
consumption This means that it is the quality of the sludge, quite as much as the 
quantity of air employed, which has to be studied and properly understood 

The present writer would urge the importance of renewed careful and exact 
research with the object of obtaining further knowledge on these lines Such 
researches may result m very valuable additions to the underlying theory of the 
activated sludge process and make ultimately for greater economy and efficiency 
without loss of the agricultural value of the end products 

Part II 

Other Links m the Life Cycle 

The foregoing pages are thus chiefly concerned with the two end produots of 
sewage purification, viz nitrate and humus, and their relation to the actual technical 
processes employed in the ‘sewage works' 

Essentially, the samo changes go on in the ‘sewage farm' when nitrogenous 
waste matter, whether liquid in the form of sullage or sewage, or semi-solid in the 
shape of various forms of organic manure, is brought into contact with tho soil, 
there to provide food for the glowing plant 

Here, however, other factors enter into the cycle Through the interaction of 
oxidisablo matter with the soil particles, purely physico chemical factors have greater 
scope Forms of life other than specific and well-known types of bacteria play their 
part, and finally the conditions of life of the growing plant affect the changes occurring 
in the soil oomplox m which it grows 

Just as knowledge gained on tho sewage works may be applied in the lunning 
of the sewage farm, so observations made on the ‘sewage farm’ may find useful 
application in the operation of tho 'sewage works’ 

Tho ‘Newly Observed Links’ may, therefore, be considered under the following 
categories Tho active agencies comprised m these categories contribute, in colla- 
boration with the two end products (1 e nitrates and humus) so far considered, to the 
life of the growing plant and so to the life of men and animals — 

1 Physico-chemical factors 

2 Bacteria concerned with proteolysis, nitrification and denitnfioation 

ohangos, and immobilization or translocation of nitrogen 

3 Biological factors concerned with nitrogen fixation Bacteria, free living 

and symbiotic Olhor living agenoies 

4 The Mycorrhizal association 

5 Protozoa 

6 Animal and man 

1 Physico-Chemical Factors 

It is to Dr N R Dhar and his co-workers that we owe the most reoent and 
continuous research on this subject While it is oommonly believed that the 
processes of ammomfloation, nitrification and nitrogen fixation are mainly the 
result of baotenal activity, Dhar has emphasised the importance of purely physico- 
chemical factors, sunlight being the source of energy The researches of Dr Dhar 
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and his colleagues up to 1937 are collected and summarised in a valuable paper in 
the Proceedings of the National Institute of Sciences of India (Vol III, No 2, pp 75- 
131) under the title of ‘ Nitrogen Transformations m the Soil ’ 

Thus to take the simpler stage of nitrification of ammonium salts, experiments in 
vitro when ammonium Halts wore mixed with sterilised and unstenhsed soil, exposed 
to sunlight and kept in the dark, a much greater percentage of ammonia was oxidised 
to nitrite and nitrate m the case of the mixtures exposed to sunlight whether the 
soil was sterilised or unstenhsed Similarly dilute sodium or potassium nitrite 
solutions are readdy oxidised to nitrate when exposed to light 

Dr Dhar, therefore, considers that the bacterial factor in mtnfioation has been 
somewhat over emphasised especially in tropical countries 

This point of view finds confirmation in the old experiments of Cavendish who 
brought about oxidation of ammonia on surfaces m 1777 There is also the well- 
known technical method of producing nitric acid by the passage of ammonia gas 
over heated platinum gauze, as well as the experiments by Warburg confirmed by 
Norris and Ranganathan showing the effect of animal charcoal m accelerating the 
ordinary baotenal nitrification process 

While these purely physico-chemical factors, especially the effect of tropical 
sunlight, may bo freely admitted and deserve furthor study, especially m connection 
with production of nitre in so-called mtro beds, yet it is difficult to behove that 
sunlight has much influence in the nitrification process as effected in the various 
filtration processes in the sewage woiks where it is often highly efficient, and where it 
must occur in the inner dopths of the filter bod entirely out off from sunlight The 
same conditions are present in the activated sludge tank and also m tho compost 
heap, although to a loss extent, since there is in both caBes a periodical change of 
surface at longer or shorter intervals It would be of interest to find out by experi- 
ment whether ahy different results wore obtained when these processes wore operated 
under conditions differing only in the presence and absence of sunlight 

Ammonificatum 

Dhar and his colleagues found that substances like egg white, gelatine and blood 
scrum, yielded ammonia when exposed to air in presenoe of sunlight tho amount 
being greatly increased in presenco of solid surfaces like TiO t , ZnO, SiO g , etc , the 
best results being obtained with Ti0 2 

It was found that these reactions were autocatalytic inasmuch as when the pH 
moreased through the increase of ammonia the rate of oxidation increased propor- 
tionately Thus it would appear that the formation of ammoma in the soil is a 
surface reaction and chiefly an oxidative process, taking place on tho soil surface 
with liberation of energy 

Similarly experiment indicated that nitrite could be converted to nitrate by 
direct aeration especially m presenoe of inductors like ferrous hydroxide, sodium 
sulphite, etc , whore another physico-chemical aotion is involved, viz induced 
oxidation 

Dhar, therefore, concludes that the processes of ammomfioation and mtnfioation 
can be photochemical rather than baotenal especially in tropical countries where the 
number of bacteria is small being mostly killed by the high temperature of the sod 
during the summer months 

That oxidation changes in the soil, resulting m the quioker availability of orgamo 
manures, can be accelerated by purely chemical agencies has been shown by the 
work of C R Harihara Iyer and V Subrahmanyan who have studied the effect of 
small quantities of manganese and iron salts on the fertilising activity of the soil 
during the life-time of the crop, thus compensating in some measure for the losses 
of plant food ingredients during periods of fallow, whioh in tropical countries are 
greater than in temperate zone climates Their mam findings have been confirmed 
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by others Thus Vyas has reported that manganese .and iron oxides could be used 
to counteract the toxio principles left in the soil by ‘jowar’ and thus increase the 
yields of the succeeding crop 

These inorganic ohemioals could be applied direotly to the soil or be incorporated 
with the manure prior to application to the soil 

The researches of the aforesaid workers agree in showing that the purely 
oxidative ohanges concerned with the conversion of orgamo matter into end produots 
of humus and nitrate are at any rate capable of being considerably affected by non- 
living agencies both chemical and physical 

For the practical application of these results experiments are called for which 
would determine the economic factors involved Of these one of the most obvious 
is tho cost in labour or meohamsm incurred by adequate exposure to sunlight of the 
surface both of soil and of compost heap 

It would be of interest to compare the results from two sections of an activated 
sludge plant comparable) in all respects save that one was exposed to sunlight and the 
other ‘blacked out’ In both sections there would bo an equivalent exposure of 
fresh surfaces only one of which would be exposed to sunlight 

The same principle might be applied in the case of compost heaps though here 
the change of surface could hardly be complete 

In view of recent unpublished experiments by Pillai and Subrahmanyan on the 
effect of dilution of sewage in presence of oxygen and the observed streaming effect 
of dissolved oxygen, e g m tho rusting of strips of suspended iron, it would be useful 
to compare the ohanges taking place in sterilised and unstorilised material not only 
in presence and absence of sunlight but also in presence or absence of air Does 
sunlight influence anaerobic changes ? 

Nitrogen Fixation 

Purely physico-chemioal faotors play a considerable role in the more complicated 
changes concerned with the important ‘link’ of nitrogen fixation, important Bince 
without it there would be permanent loss of nitrogen from the cycle of life 

Dhar brings evidence to show that the energy available by direct oxidation of 
organic matter m the soil as described in tho foregoing paragraphs can be utilised 
to bring about the oxidation of other organic matter by induction or by catalysis, 
as well as by bacterial action Thus the addition of molasses to soil in prosenoe of 
sunlight brings about an appreciable increase m the nitrogen content of the soil 
under conditions of adequate exposure to air and sun 

The same arguments therefore in regard to the economics involved, 1 e the 
labour or mechanism needed for contmual exposure of fresh surfaces to sunlight 
holds also in the derived reactions oonoemed with nitrogen fixation 

It is of interest m this connection to note that the activity of worms in chewing 
up raw orgamo debris such as leaves, etc must result in making a product whioh is 
more readily oxidisable and so any system of manuring which affeots tho worm 
population such, e g as an exoess of ‘mineral’ manures, will tend to retard nitrogen 
fixation 

Trace Elements particularly boron and zinc may play some part m these 
physico ohemieal effeots, aa well as in the ammomfication effects already referred to. 
Although the quantities of these may be infinitesimally small, a few parts per million 
in the soil and less m the plant, they are found to be essential although larger amounts 
may be toxio In a recent address Dr W G. Ogg, the new Direotor of Rothamsted, 
divides traoe elements m Agriculture into four groups — 

(1) Those necessary for normal healthy plant growth Among these are 
comprised Boron, Manganese, Copper and Zmc 
(u) Those whioh are toxic to plants, e g exoess of Manganese 
(iii) Those necessary for animals if not for plants, viz Cobalt and Iodine. 
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(iv) Those poisonous to animals but not to plants Among these may be 
classed Molybdenum and Selenium 

For research on such traces quantitative spectrography has been found valuable 
The necessary apparatus is hardly likely to be found m the normal sewage works 
laboratory 

Besides the necessary presence of those minute quantities of trace elements, the 
absence from the soil, or it may be from the fertiliser, of certain minerals may ha\ e 
serious effects Thus a deficiency of calcium may be detrimental to the rape plant 
or may cause manganese toxicity to develop in cauliflowers Potash deficiency may 
adversely affect barley and mangold plant Magnesium in defect is shown by leaf 
disease in tomatoes and pears 

Clearly m a prepared sludge for the application to a given crop all these 
deficiencies can be suitably adjusted 

2 Bacteria concerned with proteolysis, nitrification and denitrification 
changes, and immobilisation or translocation of nitrogen 

Although it may be admitted that the three first of the above-mentioned natural 
prooesses occurring in the normal life-cycle can bo brought about by physical or 
physioo chemioal agencies, yet there is abundant evidence that under normal circum- 
stances of the sewage works or sewage farm the chief agencies are specific bacteria 
Accounts of their nature and mode of action will be found m text-books dealing 
with the bacteriology of agriculture and sewage purification 

Reference has been made m Part I to the immobilisation of soluble nitrogen m 
the compost heap and m the activated sludge tank by aeration of soluble ammomacal 
salts in presence of hemi cellulose material This reaction ib of considerable practical 
importance in connection with the utilisation of the offluent from the activated 
sludge tank for the irrigation of crops since it is frequently the case that an excess 
of nitrogen is prejudicial to tho crop at oertain stages of its growth Scientific oontrol 
of the amount and oharaoter of the nitrogenous content both of effluent and sludge 
is therefore needed if the nutritional requirements of the crop are to bo properly met 

Humus and Plant Nutrition 

The extensive and world- wide observations which are being made by Sir Albert 
Howard and his numerous fellow- workers and which have been published in sundry 
volumes and in the issues of the Compost News Letter, now appearing as Soil and Health 
make the old tupe crude efforts to dispose of the sludge on the land for crop production 
seem rather elementary In those days N P K percentages were almost the sole 
criterion of value and short-time results and ease of application made ‘artificials’ 
popular and the ‘law of return’ was ignored Many years ago 1 remember while we 
were washing up the old oontaot beds at Davyhulme there was a demand for almost 
any kind of dried sludge, or humus forming material, to bring back fertility to the 
eroded and wind-swept soils of Canada 

In the last issue of Soil and Health there is the first of a series of papers by 
J E R McDonagh, F R C S , on the ‘Nature of Health and Disease in Plants’ in 
which particular attention is drawn to the Role of the Sap Protein in Health or Life 

In a recent address on Food and Phytogeny Dr C S Haynes, F R S , classifies 
nutrients as (a) sources of cellular energy, and (6) souroes of specifio chemioal mole- 
cules required for growth which a particular organism is unable to synthesise for 
itself 

Nutritional requirements are the reflection of basio biological problems of 
biosynthetic capacities of different organisms. 

It can hardly be expected that such oomplex requirements can be met by mere 
addition of elementary chemicals like sulphate of ammonia any more than any kind 
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of protein molecule will Nerve as human food More than a decade ago it was shown 
by Rose that only certain amino acids were of nutritional value Reoently these 
observations have boon oxtonded and comparatively small differences m molecular 
structure of various iRomcric ammo acids have been shown greatly to affoct their 
susceptibility to enzyme action and consequently their nutritional value Similarly 
the detailed structure of complicated anti-malarial drugs aflfocts their toxic properties 
It is evident that careful preliminary preparation of putresoible sludge ( 1 ) by 
final oxidation by direct aoration or by composting m presence of air, (u) by elutria- 
tion, (in) or by other means which may be revealed by research, will convert the 
ono-timo ‘slimy deposit’ into valuable plant or even animal food It has been 
already hinted that there may be a future beforo sludge chemistry comparable to the 
coal-tar industry Unlike coal which has to bo taken as nature left it, sludge can be 
modified in composition and properties while it is in the course of production 
Already in the USA household implements have been devised for eliminating 
household kitohen waste by disintegration and discharge into the sewer to bo treated 
along with other sewage solids and recovered with tho remaining sludge If there is 
a large proportion of hemi cellulose residues prosont it may have the effect of im- 
mobilising a certain amount of soluble nitrogen and withdrawing it from tho effluent 
into the Hludge Suoli a process is important when the effluent has to be used for 
irrigation of crops as those may find too much nitrogen detrimental at ceitain stages 
of growth In the absence of refuse cellulose material it may indeed pay to add 
some suitable source of hemi-colluloso sui h as chopped grass for the specific purpose of 
immobilising ammomacal nitrogen Preliminary experiment at Bangaloie has 
shown this to be possible 

Briefly it may bo stated that anaerobic action transfers nitrogen from tho 
sludge to the effluent, aerobic action in presence of eellulosio material transfers 
nitrogen from tho effluent to the sludge 

3 Biological factors concerned, with Nitrogen fixation Bacteria , free 

living and symbiotic Other living agencies 

An excellent compendium of information on the ‘Fixation of Atmospheric 
Nitrogen m Living Forms’ has been published by T R Bhaskaran and S C Pillai 
in The Indian Journal of Agricultural Science, Vol XII, Part I, February 1042 

They confirm the general thesis that the amount of nitrogen fixed is proportional 
to the energy developed by carbon oxidation m a given time 

In their summary they set out no less than 50 items Only the more striking 
and recently observed of these can be here mentioned , 

Azotobacter and Clostruha are the important non-symbiotic organisms which 
fix nitrogen m tho soil The azotobacter is typical of the aerobes and the clostndia 
of anaerobes Azotobacter usos carbohydrates, salts of organic acids and aloohols 
as energy sources Soil humus has been found to exert a stimulatory influence on 
the organism for nitrogen fixation Vitamin Bj and phytonucleio acid stimulate 
growth and nitrogen fixation Certain minerals m optimum concentration aro 
necessary for the growth of azotobacter and among these oaloium (replaceable by 
strontium) and molybdenum (replaceable by vanadium) aro specific for nitrogen 
fixation , manganese and uranium accelerate mtrogen fixation Iron plays no speoifio 
rdle in the process 

Light is not without effect on the activity of this organism , thus, in a measure, 
confirming the conclusions of Dhar, but yellow light is better than blue 

Hydroxylamine would appear to be the first intermediate produot formed during 
nitrogen fixation 

Bhaskaran and Subrahmanyan have reported that the fixation of nitrogen by 
the mixed flora of the soil follows a different course from that of azotobacter alone 
in artificial media In the latter case fixation only prooeeds so long as the sugar 
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lasts in the medium With a mixed flora only a small quantity is fixed m presenoe of 
sugar while the major part, amounting to over two-thirds of the total quantity fixed, 
is fixed m the later stages They have further shown that the products of 
decomposition of sugar are utilized in this subsequent fixation 

These products of decomposition of sugar consist of simple organic acids and 
aloohols It is likely that the energy resulting from their oxidation is utilised for 
nitrogen fixation by purely physico-chemical reactions in accordance with Dhar’s 
observations 

Other agencies 

Long ago Jamieson of Aberdeen contended that nitrogen fixation took place 
primarily through tho agency of tho leaf hairs whuh produce albumin from the 
nitrogen of tho air According to Bhaskaran and Filial several workers have reported 
from time to time that different parts of highei plants exhibit tho power of fixing 
atmospheric nitrogen either by tin mselves or bt thur association with the bacteria 
present in them but evidence so far obtained is still inadequate to draw any dofinite 
conclusion regarding the relative importance of theso as nitrogen fixers 

It may well be that the extent of nitrogen fixation in any given case depends 
on the conditions obtaining in each case, vi/ the presence of symbiotic agenoies 
whether plant or micro organism or on the availability or otherwise of nitrogen from 
other sources 

The activities of protozoa in the field of nitrogen fixation will be referred to 
when considering their specifio functions in other portions of the cycle 

4 The Mycorrhtzal Association 

The mycorrhizal association may be defined as the mechanism by which living 
fungous threads (mycelium) invade the cells of the young roots and are gradually 
digested by these 

This important link in the mtiogen oycle has received detailed attention m the 
writings of Sir Albert Howard and his school I well remember the visit that Sir 
Martin Forster (Dr Forster as ho then was) and I paid to Pusa in tho early nineteen 
twenties and the fascinating examples then shown us by Howard illustrating the 
importance of root development and of how a well developed root system was 
virtually a mirror image of the plant above ground This lesson I have smoe striven 
to impress upon sundry mahlis who prefer to souse a plant with water rather than to 
do a little careful digging in order to maintain a reasonable amount of root aeration 
Fully to expose tho root system involves, as Howard showed us, very careful washing 
away of the surrounding soil 

At that time no mention was made of the mycorrhizal association the significance 
of whioh was not fully understood, although the association of fungus mycelium 
with root cells had been observed, and the term mycorrhiza given to the mycelium, 
as early as 1829 

The careful researches of Dr Raynor on the mycorrhizal association m relation 
to conifers at Wareham m Dorsetshire where small additions of properly made 
compost had produced spectacular results, led Howard in 1937 to consider the 
possibility of the phenomenon being general and of its having some special function 
in connection with tho nutrition of the plant on the roots of which it was observed 

Careful observations were then made by Dr Rayner and Dr Ida Levisohn and 
others of the root systems of many plants for evidences of the myoorrhizal association 
It was found that plants manured with artifioials or grown on derehot land showed 
poor development .Dr Rogers of East Mailing in Kent devised an observation 
chamber for root Btudies He arranged a vertioal darkened glass window on the 
side of a deep pit in an orchard In this it was possible with the assistance of a 
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conveniently arranged low- power microscope to observe some’of the soil fungi actually 
at work (A photo of one suoh observation is given in Howard's recent book, p 35 ) 
The universally benefioial effect of organic manure whether m the form of 
compost or other oommonly employed humus-forming material is thus seen to be 
due to the support given to the necessary fungous mycelium 

These careful microscopic observations show that in the invaded cell the mycelium 
exhibits a regular sequence of changes from invasion to the clumping of the hyphae 
around the cell nuclei, digestion and disintegration of their granular contents and 
the final disappearance of the products from the cells In this way the digestion 
products of the proteins of the fungus pass into the cell sap and thence into the 
green leaves 

The mycorrhizal association has been found to be a very widespread phenomenon 
The following important crops are all mycorrhiza formers wheat, nee, tea, coffee, 
oacoa, sugarcane, cotton, sisal, maize, cocoanuts, bananas, citrus fruits, grapes, apples, 
pears and peaches 

Some singular exceptions occur, viz tomato and cabbage The beneficial 
effect of organic manure is nevertheless clearly observable in these oases and it 
appears likely that the protein requirement supplied by the mycorrhizal association 
is in these oases derived from the dead bodies of the bacteria presont in the orgamo 
debris 

While it might be supposed that legumes would be sufficiently supplied with 
nitrogenous nutriment through the intervention of their root nodules it appears 
that they also need the assistance of the mycorrhizal association if they are to retain 
the power to produoe seed 

The relation between the intake of protein and the observed power of disease 
resistance is explained byj E R McDonagh by the character of the protein digestion 
products supplied to the cell sap as already referred to in section 2 

The ultimate consequences of these new observations and conclusions are very 
far reaching In order to maintain the necessary supply of organic manure, ‘ mixed 
farming’ is essential, l e proper rotation of crops and the intervention of livestock 
There must indeed be a definite ratio between the number of livestock and the 
orop acreage 

5 Protozoa 

It has been contended that the ordinary British mind prefers action to meditation 
with the result that experience is gained through the encountering of practical 
difficulties whioh might have been avoided by the expenditure of more time and 
thought on preliminary investigation A further oonsequenoe of this method of 
procedure is that important work of an apparently recondite character is overlooked 
and its true significance is only appreciated when its bearing is seen on more practical 
issues In few instances is this feature more strikingly exhibited than m the history 
of the actwaUd sludge process of sewage purification 

I must admit my full share in this apparent blindness to what are now fairly 
obvious dues to a true scientific theory of the prooess In preparing my earlier 
book on‘ Bacteriological and Enzyme Chemistry ’ I must have beoome aware of Munro’s 
experiments on the acceleration of the nitrification prooess by a technique of 
Actrvatum identical with that used in the building up of activated sludge Yet, 
unless subconsciously, it had no direot influence on the course of the early researoh 
work on which the prooess was baaed, although it was fully recognised later Of 
possibly even more importance has been the failure to reoogmse until quite recently 
the fundamental significance not only m the activated sludge prooess but in the 
nitrogen cycle generally of the activity of protozoa 

That the presence of protozoa in sewage and effluents was long ago recognised 
is dear from a discussion held at a meeting of the Royal Sanitary Institute in 1009 
on the effeot of biological oonditions on the quality of effluents. Here the dis- 
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oussion centred round the question of how far merely ohemioal figures of analysis 
really were sufficient to define the effect of an effluent on the stream into which it 
flowed It was contended that an effluent adequately purified so far as the chemical 
figures indicated might yet start up various living growths — fungoid, algal or 
protozoan — which in turn might adversely affect the amenities of the stream 
Among the protozoa then under observation was the \ orticellid known as Carchmum 
Lachmannti and Mr Glov er, chemist in charge, under my direction, at the Withmgton 
works of the Manchester Corporation, made somo excellent camera lucuia drawings of 
the development of this organism and established the fact that fission of one head 
and formation of two complete organisms took place within three quarters of an 
hour These drawings were reproduced m the Annual Report of the Rivers 
Committee and were copied by my former good friend the late Dr Calmette in 
one of the admirable reports he was then compiluig for the advancement of sewage 
purification technique in France This remarkable rapidity of reproduction was of 
great significance m relation to the possible function of this or kindred organisms in 
nature It was to be emphasised that the growth did not occur in effluents which 
would be olassifiud by ohomical standards as unpunfied but in discharges which 
wore actually m prooess of nitrification Thus an abundant growth of carchesxum 
was afterwards noticed in the effluent channel from a final or ‘secondary’ contact 
bed at the Davjhulmo works, this bed by the way being operated on tho continuous 
flow system All these observations can now be seen to have a close bearing on the 
function of protozoa both in the operation of continuous filters and of the activated 
sludge prooess Unfortunately again the findings of distinguished workers in other 
fields tended unduly to influence the conclusions of many of the earlier workers on 
the activated sludge process, and so it is only in quite recent years that the true 
function of protozoa has been recognised and fully investigated The early history 
of the Activated Sludge process is admirably set out in the remarkable book by 
A J Martin (The Activated Sludge Process by Arthur J Martin — London, Mac- 
donald and Evans, 8 John St, Bedford Row, W (J 1, 1927) which beoomes of 
greater historical value as the years go on 

Protozoa of differing species were described by various observers but were 
thought to be incidental to the process rather than essential The study of the 
experimental activated sludge plant at the Indian Institute of Science by 
Swaminathan, done largely under my supervision, was influenced by the results of 
Russell and Hutchinson on the apparently favourable offoct on plant growth, notably 
of tomatoes, by tho elimination of the proto/oal population by the old gardeners’ 
recipe of hoating the sod This was confirmed by Fairbi other and Renshaw who 
used mothyleno blue as a partial sterilisation agent Swaminathan ’s observations 
did not indicate any marked effect favourable or otherwise on the process from the 
application of this treatment to the activated sludge as distinct from soil, although 
it was confirmed that tho effect of partial sterilisation was to inorease the number of 
bacteria in the sludge as moderate heating had increased the number of baotena in 
the soil 

Apart from protozoa it was suggested by Dr Bartow, one ol the most dis- 
tinguished of the early soientifie investigators of the activated sludge process 
(Dr Bartow later was eleoted President of the American Chemical Society), that the 
red worms Aelosoma Lemprtchu, often found in decaying organic matter, played 
some useful part in the purification process This idea was however soon abandoned 
The ordinary ‘ blood worm ’ the larvae of chtronomus is unfortunately well known as 
a parasite on the useful forms of life m the activated sludge tank 

As a oonsequenoe of all these observations, incomplete as we now know them 
to be, most workers inducting myself were of opinion that the activated sludge prooess 
was mainly dependent on bacterial activity, associated as in the ease of the well- 
known if 7 with a certain proportion of organic iron compounds as a precipitating 
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I looked upon the prooess as one of intensive baoterial oxidation, acitification 
being inoluded under this general category Unfortunately among bacteria could 
be olassed those higher thread like species suoh as aphaerohlus and leptomttus 
characteristic of polluted but partially aerated streams Such growths have been 
classed as a form of activated sludge, although they have nothing in common with 
the true product and have little or no clarifying still less purifying effect 

Apart from bacterial activity it was also recognised that physioal factors, 
notably the mechanical flocculation of colloidal particles, played their part 

Martin’s book was published in 1927 At that time the remarkable researches 
of Cramer of Milwaukee had not been published (1931) and the important dotailed 
working out of the subject by Pillai and Subrahmanyan, and their collaborators had 
not been undertaken and the detailed work of Gurbaxam only recently successfully 
submitted as a Phi) thesis is still awaiting publication Dr Gurbaxam is now 
pursuing his studies under the leadmg sewage purification specialists in the USA 
Although Cramer s work finds mention in my book published m 1935 it even then 
appeared more as supporting an interesting theory than as of basic and fundamental 
importance not only to the theory of tho activated sludgo process but to the operation 
of tho mtrogen oycle in general Consequently, although a brief mention of it appoars 
m my book, tho importance of tho remarkable details described in the original paper 
was not fully realised partly perhaps because the methods of investigation were 
somewhat unusual In the light of tho tabulated expeumcntal results given in 
Gurbaxam 's thesis them importance becomes obvious Cramer employed an original 
method for preserving an aoroluc atmosphere Instead of bubbling air through 
tho liquid under investigation he used a small quantity of sodium chlorate in order 
to operate under more easily controlled conditions 

Cramer draws attention to the fact that while the activated sludge process may 
give fairly satisfactory results without the formation of nitrates yet adequate oxygen 
is essential showing the process to depend on living agents Purely mechanical 
flocculation of colloidal matter either by mechanical stirring or by injection of 
mtrogen or C0 2 does not deal with impurities in solution 

Free access of air was assured by employing dishes of only 4 3 cm m depth with 
a surface area of 23 sq cm Under these conditions heat sterilised sewage if left 
alone became septio. The addition of sodium ehlorate* to the extent of 0 3% 
prevented the sewago from becoming septic but did not produce clarification 
Further addition of 1 c c of raw sowage produced clarification Sewage bacteria in 
separate oulture did not clarify nor did yeasts or the enzymic solution obtained by 
crushing activated sludge with sand and filtering 

It was found that if activated sludge was heated to 6Q°C for 30 minutes all 
protozoa were killed but many bacteria remamed alive Inoculation with this 
sludge did not produoe clarification in sterile sewage which contained 0 3% of sodium 
ohlorate Further addition of a drop of water containing a single protozoan produoed 
clarification in a week 

If a small amount of sludge from this clarified sample whioh contained many 
individuals of one type of protozoan only was added to sewage that had been first 
sterilised and then inoculated with baotena and yeasts only and to whioh 0 3% of 
sodium ohlorate had boon added, clarification resulted in 48 hours or less 

In all the experiments in which air was allowed access to the surface of the 
liquid the neck of the bottle was closed with a sterile cotton wool plug to prevent 
contamination When this plug was removed from a bottle containing sterile 
sewage and 0 3% of sodium ohlorate the sewage did not clarify Microsoopio 
examination showed that it contained baotena and yeasts but no protozoa 

Further experiments by Cramer himself, for details of whioh the onginal paper 
may be consulted, showed that if the sludge is heated to 50°C for 6 minutes all 
protozoa are killed except vortioella — an observation of great interest in view of the 
obviously resistant character of this organism as shown by the Bangalore researches 
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and also in view of its mode of sustenance which can be actually seen to consist m 
the ingestion of bacteria and of foecal organic matter It was observed that when 
the protozoa die they rapidly disintegrate and become sludge particles It was 
believed, although the observation needs confirmation, that during the process of 
disintegration bacteria could actually be soon emerging from within the protozoa 
If true this phenomenon partly explains the increase of baoterial population following 
partial sterilisation 

Cramer draws the practical conclusion that clarification depends on (1) Aerobic 
bacterial life, (2) Lave protozoa, (3) Oxygen in solution, and consequently that the 
activated sludge process can best be controlled microscopically and that a stock of 
normally active sludge should always bo kept on hand for inoculation m case of 
deterioration from any moidental causo of the mam bulk in circulation Cases of 
temporary stoppage of efficiency through a flush of trade waste, or interruption of 
aeration, might be met in this way 

Cramer expresses the opinion that the protozoa arrive in tho sewage through 
storm water, infiltration water, or kitchen waste 

Tho work was performed in the Research Laboratory of the Sewerage 
Commission of the City of Milwaukee under the immediate direction of Dr J A 
Wilson Some portion was done m R Cramer’s own laboratory Dr Wilson 
considers that clarification w proportional to tho relation between organic dispersed 
matter and the amount and vigour of the protozoa 


Bangalore Researches 

It was in 1938 that I was concerned with the putting into operation of an 
up-to-date diffused air activated sludge plant for tho Military authorities at Cossipore, 
C'aloutta It was designed to deal with tho sewage from a population of from 8,000 
to 10,000 Having seen that tho installation was functioning in meohamcal order 
I placed Mr S C Pillai of the Department of Biochemistry at the Indian Institute 
of Science in immediate supervision until tho plant oould bo handed over to the 
authorities In the absence of local facilities for detailed chemical analysis it 
was fortunate that through the courtesy of tho reside nt medical officer PiUai was 
able to follow the budding up of the sludge by regular microscopical observations 
It was then that ho confirmed the statement of Cramer and his colleagues that 
efiloient clarification was coincide nt with the appearance of protozoal life particularly 
vortxcelltds Following these observations he undertook, in collaboration with the 
Professor of Biochemistry, Dr V Subrahmanyan, and with the detailed assistance 
particularly of Dr M Gurbaxaru, a detailed study of the function of protozoa, with 
reference not only to the Activated Sludge process hut also to the nitrogen oycle 
throughout nature He was indebted to the late Prof B L Bhatia of Lahore for 
specifio identifications and to Dr B R Seshachai of Central College, Bangalore, 
for assistance in the photo-micrographio work Tho general results of these researches 
are available m recent literature although many v aluable details still await publica- 
tion The following conclusions may be held as established 

Flocculation of Colloids 

The special funotion of protozoa in flocculating sewage colloids is clearly evident 
Amongst the active species vorttceUtds are predominant and among these epxstyhs 
is specially efficient being twice as effeotive as the ordinary type of vorttcelhds Ob- 
servations of the Bludge from the installation at the Madura Mills, Tuticonn, where 
the tanks are operated with sea water show that protozoa are active even under these 
conditions , indeed a species has been isolated and identified as Zoolhamnxum for the 
first time reported in India perhaps on account of its habitat in sea water. 
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Oxidation effects 

Of even greater interest than the flocculating offeot of protozoal activity is the 
demonstrated conversion of crude foecal emulsion to the stage certainly of the 
formation of nitrite if not completely to nitrate There would seem to be a prooess of 
digestion of protein matter akin to the cellular activity of growing plants m digesting 
the threads of mycorrhizal mycelium and in the oase of protozoa of the further 
oxidation by means of an oxidase of the amino compounds so produced Here then 
it would appear that we have a direct conversion of human waste matter into plant 
and evon animal food mice the masses of opistylia have been found to be readily 
consumed by rats and poultry in much tho same manner as yeast Indeed many 
years ago Buswell and Lang considered that the purification of sewage by microscopic 
communities is entirely similar to the disposal of garbage by feeding it to hogs 

In connection with the remarkable oxidation aotivity of protozoa and their 
noed for abundant air supply interesting refeience is made to an observation of 
H M Vernon m 1897 that protozoa have the largest respiratory coefficient of all 
invertebrates, one case bemg cited wheie this function was forty times that of a frog 

Elimination of Pathogenic Bacteria 

A furthor advantage of this function of the protozoa is that in the course of it, 
pathogenic bacteria have been found to be completely eliminated This was shown in 
early days by tho empirical observations of Col Stewart, then Director of Public 
Health in Bengal, and is now confirmed m detail by Gurbaxam with specific cultures 
both of protozoa, viz epistylis, and of B Typhosus, B dysentenae and V cholera 
The sanitary importance of thoso findings is obvious 

Sensitiveness to pH conditions 

On the other hand, experiment showed that the protozoa were sensitive to 
changes m pH, sudden Hushes of acidity proving to be destructive Tho boaring of 
this result on the regulation of trade effluents is important 

Sources of Protozoa 

The Bangalore workers agree with Cramer that the protozoa do not derive 
directly from human excreta but from soil In dry soil the vorticellids exist in the 
form of cysts, becoming active under conditions of waterlogging They are naturally 
to be found m all lands of stagnant and polluted waters The interesting fact is 
recalled that the very first protozoan described by Leeuwenhoek, the inventor of the 
microscope, was a species of vorticella which he had seen in standing rainwater m 
1675 

From these observations together with the laboiatory experiments it would 
appear likely that nitrification changes under natural conditions are assisted by the 
specifio aotivity of certain forms of protozoa 

Confirmation of Bangalore Researches 

The findings of the Bangalore workers have been confirmed by investigators in 
widely separated centres Thus Reynoldson has noted the activity of vorticellids 
in the percolatmg filters at Huddersfield Hardin of Stanford University, California, 
reoorda a dear cut case of the flocculation of bacteria through a protozoan Oikornonas 
termo Watson of the Wellcome Bureau of Scientific Research reports a similar 
activity of a soil oiliate Balantiophorus mmutus 

It is of particular interest that in an important report from Manchester by 
Messrs Wishart, Jepson and Klein on the Dewatering of Sludge, the abundanoe or 
otherwise of vorticella revealed by microscopic observation, is taken as an indication 
of the ‘condition’ of the sludge Smoe the sewage reaching the Davyhulme works 
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oontams almost every type of trade waste it may be concluded that provided these 
do not unduly affect the pH of their environment the protozoa continue to thrive 
and perform their function in producing flocculation Careful study is required in 
order to ascertain the eoonomio limit of air supply, as between the production of 
fully active protozoa resulting in a sludgo of high purifying power, and excessive 
aeration resulting m the ‘burning’ out of the protozoa 

Protozoa and Nitrogen Fixation 

Bosides the flocculation of organio colloidal matter and its furthor oxidation to 
harmless end products there is evidence, e g through the work of ( 'utler and Bal that 
nitrogen fixation is facilitated by the symbiosis of certain protozoa with the normal 
nitrogen fixing organisms of the type of Azoto bacter chroococcum 

6 Animals and Man 

Apart from thoir laboratory studies in connection with the experimental activated 
sludge plant at the Indian Institute of Science the Bangalore workers have been 
deputed by the Imperial Council of Agricultural Research to undertake a continuous 
investigation of Sewage. Farming under a Scheme of Research approved by the 
Council Valuable reports have beon published by Messrs S C Pillai, 
R Rajagopalan and V Subrahmanyan Tho researches thus reported have been 
mainly concerned with tho local sewage farms at Bangalore, with the municipal 
sewage farm at Madura, and with the treatment of mixtures of sewage and trade 
waste as instanced by tho municipal sewage farm at Alimedabad 

In the course of this work many opportunities naturally were afforded to recognise 
the numerous links which hold together the chain of living activity from man through 
animal and plant baok to man again These observations have been admirably 
summarised in a paper by Pillai and Subrahmanyan in the issue of Science and 
Culture for May 1946 Thus they point out that at Madura where some two million 
gallons of sewage is treated daily on 100 acres of underdrained land, the sewage as 
it filters through the land and travels down to tho offluont channels undergoes rapid 
oxidation and emerges as a fairly clear effluent supporting micro-organisms including 
numerous types of protozoa as well as higher forms of life such as worms including 
earthworms, a variety of insect larvae including thoso of chtronomus, gastropods, 
orabs, frogs, fish (some eight varieties), tortoises and water snakes Some of the 
visiblo forms attract birds of prey and many of tho fish are consumed for human 
consumption Since the sewage irrigated areas are mtonstly farmed for grass, vege- 
tables and fruit trees there is thus at the Madura Sowage Farm an unbroken fife 
cycle 

The funotion of the protozoan link in transforming the orgamo matter of sewage 
has been described m tho last seotion It would be of interest if the roots of the 
various orops were examined for the mycorrhizal association 

The various constituents of plankton, including protozoa, as food for fish need 
careful investigation from the important point of view of increased production of 
fish for human consumption The authors suggest that a stage intermediate between 
protozoa and fiBh might be cultivated, e g m speoial fish tanks from which the fully 
purified effluent might be used for tho irrigation of crops 

All these researches have their fined bearing on the fundamental issue of the 
production of adequate and health giving food for man Increasing evidence is 
forthcoming to show that of even more importance than quantity is the quedity of 
food supplied The researches of MoCamson and his fellow- workers now many 
years ago showed, e.g that although by plant breeding it might be possible to produce 
double the yield, e.g of the nee plant, yet unless the crop was grown under suitable 
conditions a double ration was required in order to provide an equally sustaining 
meal. The researches on the myoorrhizal association, and on the effects on crop 
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production of the use of orgamo manure in the form of compost, have indicated 
that the ontical issue is the synthesis of suitable proteins If these are not supplied 
the nutritive and disease resisting properties of the orops are depreciated, as well 
as the health and sustenance of the men and animals consuming them 


Summary and Conclusions 

In the foregoing review an attempt has boon made to collect together the 
outstanding contributions which have been made during the past decade to our 
knowledge of what is now more than ever seen to bo the most vital subject of scientific 
enquiry, viz the basic economics of food production By this is meant the full 
utilisation of all available material for tho maintenance of the oycle, plant — 
ammal — man 

It has been found duiing this decade of intensive fundamental research, 1 o 
research concerned with what is often termed ‘aoademio’ as contrasted with 
‘technological’ objectives that, as so often occurs m the history of scientific research, 
what had seemed simple sequences or reactions really involved many until then 
unknown or unobserved ‘ links ’ tho provision or understanding of which was necessary 
for the full control of the system under investigation The work of Dixon, Breroton 
Baker, Bone and others on the effet t of traces of moisture on combustion phenomena 
may be cited in illustration In the present review the end product of tho ‘Nitrogen 
oycle’, viz nitrate, has been seen to function as a catalyst through alternate reduction 
m presence of carbonacoous waste material and reoxidation in presenoc of adequate 
oxygen, m addition to its direct utilisation as plant food In addition to the com- 
monly acoepted agents in the breaking down and mineralisation of nitrogenous waste 
material, viz various specifio bacteria, sundry purely chemical or physico-chemical 
agencies have been shown to play an important part Reference in particular has 
boen made to the researches of Dhar and his co-workers on the effect of sunlight on 
the sequence of fundamental changes resulting in the conversion of nitrogenous 
organic materials into nitrate The interesting influenoo of trace elements has been 
noted 

Among living agents other than bacterial, special reference has been made to the 
mycorrhizal association the far reaching importance of which has been dealt with in 
detail in the writings of Sir Albert Howard, Lady Eve Balfour and their worldwide 
associates The nature and importance of this ‘link’ between plant and soil has 
only thus recently been recogmsod 

Another living ‘link’, tho study of which has boen intensivoly pursued of reoent 
years, with very lmjiortant results, is that of the aotivity of Protozoa Not only 
has their useful activity been observed throughout the natural operations of agri- 
culture but they have boon shown to be the essential agent in the economic function- 
ing of the activated sludge process of sewage purification These organisms, 
particularly certain species of vorhceUuls, have boen shown to be capable of oausmg 
flocculation of colloids, and consequent clarification of the sewage, but also of 
digesting protein matter, including, as a most important corollary, pathogenic bacteria, 
and finally of developing an oxidase aotivity manifested in nitrification Eventually 
these protozoa may themselves become food for fish which in turn increase the 
food supply of man 

The researches discussed in the foregoing review have introduced a new view- 
point into the control of crop production and of the operations of sewage purification, 
biological faotors attaining much greater prominence 

Onoe more it has been shown that Nature’s storehouse of wonders is 
inexhaustible and that if it is carefully and honestly investigated, and not greedily 
rifled, we may look forward to an increasing supply of food for the starving millions 
of the world in place of the wind swept areas of erosion whioh m our ignorance we 
have so far created 
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I Introduction 

The known typos of oolour variations in the Desert Locust, Schistocerca gregana 
(Forsk&l) are ( 1 ) The phase variations (Uvarov, 1923, 1928, and others) In 
overtone the gregana adults are deep pink whon immature and yellowish when 
mature, as was shown long ago by Kunckel d’Herculais (1892) who was, however, 
unaware of phase differences , the solitaria adults are usually bluish grey Gregaria 
hoppers have a blaok pattern, while solitaria ones are usually green (Johnston, 
1926, and others 1 (n) In the solitaria phase, again, two colour types ocour, thus 
(Roonwal, 1915a, 1946a) The majority (about 91%) of the adults are bine grey and 
the remainder fawn, similarly, the majority of the hoppers are green and a small 
percentage fawn Other typos of vauations, eg , regarding eye stripes, eto , are 
also known (Roonwal, 1936 ef aeq ) 

Adaptation to background colours m the field has often been reported m Acndid 
grasshoppers [vide Cott, 1940) Rao (1937, pp 24 25) has observed partial adaptation 
in the Desert Locust In reoent years Faure (1932) and Hertz and Imms (1937) 
have studied fhis>phenomenon experimentally by roaring locusts of the genera 
Locuata and Locustana m variously coloured boxes Here I shall present the results 
of some preliminary experiments, oarried out several years ago on the Baluohistan 
Coast, on rearing hoppers of the Desert Locust in uniformly coloured boxes 1 


II Experiments 

Hoppers were reared singly m Bmall, rectangular, wooden boxes (12x95x85 
om ) having the inner walls and floor painted with ordinary commercial oil paints m 
the following different colours Lemon yellow, prussian blue, mahogany, blaok, dark 
green, signal red and white, unpamted boxes were used for a pale ochre back- 
ground. The boxes were closed on all aides except the top which was of unpamted, 
grey-coloured wire-gauze They were kept m the bright, diffuse daylight of the 


1 For a brief report of them* expeiunents vide Roonwal, 1937, pp 148 149 


VOL xm— No 



20 


M L ROONWAL SIMULATION OF BACKGROUND 


verandah and were not exposed to direct sunlight For food, the hoppers were 
supplied twice or thrice daily with fresh twqjs of Heliotropium, undulatum Vohl 
(-= ramosmnum Sib ) (Baluchi name ‘ marrand ’), Nat Ord Boragmaceae This 
shrub grows commonly in the sandy areas on the Baluchistan Toast, and is the 
favourito food-plant of tho Desort Locust (phase sohtana) m nature, m both the 
hopper and adult stages Green ( sohtana ) first stage hoppers were utilised The 
colour of the hoppers was noted at the start of each experiment and, subsequently, 
at intervals of 2-3 days Out of 04 experiments which were started, 19 reached a 
sufficiently advanced stage for reliable deductions to be made, in tho remainder, 
the hoppers died in the first two stages The following experiments were performed 
for paeh type of background, the results of tho successful experiments being sum 
marised m Table 1 — 

1 Lemon yellow —Nine experiments were started Tn five tho hoppeis diod 
in tho fust stage, and in two in the seoond In tho remaining two, one hopper reached 
the fourth stage and tho other the adult 

2 Prussian blue — Nino experiment's were staited In six tho hoppers died in 
the first stage, and in one m the second In tho remaining two, tho adult stage 
was reached 

3 Mahogam / — Nine experiments were started In five the hopjicrs died in the 
first stage, and m two m the second In the remaining two, one hopper reached the 
third stage and the othor the adult 

4 Black — Seven experiments wire started tn four the hoppeis died in the 
first stage In the remaining threo, one reached tho fourth stage and two the 
adult 

5 Dark green — Eight experiments were started In five tho hoppers died m 
the first stage, and in one in the second In tho remaining two, one roaohod tho 
third stage and the other the adult 

6 Sigml red — Nino experiments were started Tn seven tho hoppers diod 
m the first stage In the remaining two, tho adult stage was reached 

7 White — Ten experiments wore started In six tho hoppers died m the 
first stago In tho remaining four, two hoppers reached the fourth stage, one the 
fifth and one the adult 

8 Pale ochre — Three experiments wore started In one the hopper died in 
the first stage, in tho sooond the hopper reached the fourth stage, and in tho third 
the adult 


IIT Discussion and Conclusions 

In S Africa, Faure (1932), who reared hoppers of Locusta m igratorm migratorioides 
(R and F ) and Locuetana pardalina (Walk ) m boxes painted in different colours on 
the inside, found ‘good’ or ‘fair’ resemblance on white, black, grey, yellow and 
brown backgrounds, and no clear resemblance on green, pink and blue backgrounds 
He also noticed that green hoppers were produced not as a result of green background 
but only under high humidity with an abundance of fresh and sucoulent food 
Hertv and Irams (1937), working on foevsta migratorui migratorioides m England, 
confirmed the dependence of green colour in hoppers on the presence of a moist 
atmosphere They further elucidated the phenomenon of partial colour adaptation 
in terms of wave-length of light reflected from the coloured background They 
found that, exoept upon a black background, no complete colour adaptation was 
observed, but the effeots of different backgrounds were clearly defined — tho back- 
ground only influences the amount and proportion of the orange-yellow and black 
produoed Yellow reflected rays (5500-6000 A) stimulate the production of orange 
and yellow , their absenoe, and the presence, instead, of rays shorter than 5000 A, 
produce colourless, pale grey or dark grey hoppers 
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Hi mill of expfrimrnti on rear intf lit mt Locust hoppers in paintr l boxes 


Inflido colour of roaring 

j Resulting colour of insects 

Old hoppers 
( 1 II- \ stages! 

Adults 

1 Lomon yollcm 

Blight >i llowish gri on 

Light grot n 

2 Prussian blue 

l'uwii or gru it base with black 
markings 

Dtttl) 

Brownish or pinkish gri y 

1 Mahogany 

Di tto 

4 Blar k 

Dirk gri on or dirty fawn In si 
with bla' k markings 

hmnky brown or ash i olourt d 

5 Dark green 

Blight guen 

Light green 

d Signal red 

Duty grot n or orange 

Gri v wdh v tt ht tinge, simeiolly 
on hi nil-legs 

7 White 

Greenish wlut< 

W'lntiHli fawn 

8 Pale ochre (nnpaintod 

Palo tfroen with or without 
\<>l!oumh tinj£< 

Dull brown 


The results of the present experiments on the Desert Locust showed (Table 1) 
that among hoppers the background colours which were more or leas simulated wore 
lemon yellow, black ( ? ), dark green and white, while others, viz , prussian blue and 
signal red, were not, the results for mahogany and pale oohre were indefinite Tho 
fawn hoppers, as observed on black, prussian blue and mahogany backgrounds, would 
seem to represent the fawn colour type (Roonwal, 1945a, 19 10a) produoed indepen- 
dently of the background in the nolitana phase Among adults tho results were less 
clear, but some simulation was observable on blaok, dark green and white back- 
grounds 


IV Summary 

1 To study adaptation to background colours in the Desert Locust, hoppers 
were reared singly in boxes painted uniformly in different colours on the insido 
Nineteen hoppers reached a sufficiently advanced stage to permit of some deductions 
being made 

2 Among hoppers, more or less marked colour adaptation was observed on 
lemon yellow, blaok ( *), dark green and white backgrounds, no adaptation was 
observed on prussian blue and signal red Among adults, the results were less clear, 
but some degree of adaptation was observable on black, dark green and white 
backgrounds 
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Abstract 


The paper consists of two parte In Part I physical oharnt teristios of small mosses ( 20, 
]Q, 020, 01O) aro calculated for arbitrary values of L/M on tho theory of Milne of the two 
phase configuration of the generalised standard model The calculotions do afford some insight 
as to tho conditions in the interior of such small masses In Part II wo have studied those masses 
under conditions of incipient degeneracy 


Introduction 

The theory of stellar masses composed of < ompletely degenerate electron gas has 
been worked out m complete by Chandrasekhar (1939), who isolated the existence of 
a limi ting mass if 8 = 5 75^' * O For masses exceeding the limit tho theory 
predicts no lower bmit to the radius nor uppor bound to the density Kothan (1930) 
has incorporated in the usual white dwarf the theory of pressure ionisation and has 
predicted a maximum radius for a cold body The present paper deals with an 
investigation of the physical characteristics of masses lying m tho region of stellar 
and proper planetary masses In Part I we have worked out the properties of small 
masses on the theory of Milne (1932) of two phase configuration of the generalised 
standard model Milne’s theory will, however, be a very crude approximation for 
suoh masses smee the transition region between the degenerate core and the perfect 
gas region may be quite extensive At presont we shall, how ever, be satisfied with 
our approximate calculations, whioh have been performed for masses, viz 2©, lOi 
020 01 0 Part II deals with these model stare under conditions of moipient 

degeneraoy We have used Morse’s (1940) calculations for the opacity coefficient 


§2 Numerical Calculations 

The various physical properties given in the present paper are calculated from 
Milne’s formulae given in Kothan’s (1932) paper Smoe the masses considered here 
are all less than tjhe ontioal mass of Milne’s theory the configurations are of oollapsed 
type The tables given below may be considered as an extension of the table given 
in Kothan’s (1932) paper for the model white-dwarf ( 50) 
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Table I 

M = 20 > LjM =, 10 -2 



-J! 

-|js 

ill 

11 

“lH 

I 

la 

H C 

a? 

h 

o 

li 

ii 

Tc 

Central temp 
neglecting i 

conduction 

T c * 

Central temp 
taking account 
of conduction 

OO 

0 

, 

1 18 10 

2 22 10* 

» 




2 42 10-5 

0 942 

1 47 10 

2 22 10* 

7 10 10* 

5 10 107 

8 71 111* 

4 04 

h«>4 10-4 

0 01 

1 71 10 

1 02 l< * 

« 00 1(|7 

0 40 107 

6 08 107 

2 018 

2 19 !o-l 

" 

2 78 10 

« 54 10* 

1 52 10* 

I 52 10* 

1 52 10* 


lABtr IT 

V - 10 hjM = nr 2 


cr* =ew, 

-li 

II 

117 

ill 

0 1 

1 

li 

a? 

8, 

Jg 

li 

T 

Interfacial 

temperature 

Tc 

Central temp 
neglecting 
conduction 

Tc 

Central temp 
taking account 
of conduction 

20 18 

8 07 

2 119 
2018 

0 05 10-« 

3 80 10-5 

1 51 10-4 

5 50 10-4 

0 912 

0 01 

0 20 

1 74 10» 

1 HO 10» 

2 17 10* 

3 05 In* 

4 76 10* 

6 54 10* 

5 54 10* 

6 38 10* 

4 70 10* 

1 HO 10* 

2 40 10* 

2 82 10* 

9 58 10* 

2 11 10’ 

5 09 10* 

0 03 10’ 

3 40 107 

3 46 107 

1 40 10» 

3 50 1 07 

5 70 10» 

6 <H 107 

8 45 In* 

8 45 10* 

1 14 107 

2 46 107 

5 70 107 

6 03 107 


* In the calculation of Tc (with conduction) wo have taken account of both radiative and 
conductive opal lty 


The preceding tables for masses 20 and lO show how the physical quantities 
vary as wo pass from a configi ration wluch is no core to one which is all core for a 
fixed value of LjM = 1(1 * ergs /gm The central density even m a completely 
degenerate state is not very high 

§3 Having enumerated the vanoi s physical quantities for arbitrary values of 
irrcQM ' We now estimate a reasonable value for ij, the opacity m the gaseous 


envelope for given L and M Tho opacity expression for a Russell mixture of 
elements undiluted with hydrogen is given by 


*1 = 734 10 n^gjt ( 1 ) 

where gjt is the guillotine faotor Let the opacity without the correction factor be 
given by 


*1 


( 2 ) 


where 


a =s 7 34 10*® 





K S SINGWT ON TWO PHASE CONFIGURATION OF SMALL MASSES 


31 


The expressions for the interfacial temperature and desnsity are respectively, 


_ (Rim,,)* _ 


p '~ Dfl (i ^m) 


J aK 3 ' 

From equations (2), (3), arid (4) wc have, 


m’ or ' 


_ ( Il/m „)«■! /-iTrcOyi' /MV n W 
1 ” \ D ) \ L ) * 


(3) 

(4) 


(5) 

(6) 
(7) 


The method adopted for determining a is as follow s For given LjM and ^ = 21 
and a = 7 34 10 2S , as a first approximation T‘ and p' are calculated from (5) and 
(0) Knowing T' and p', log 10 tjg is known from Moi se’s table by graphical interpola- 


tion The new value of oc = ai = -~r is used to redetermine T' and p We contmue 
t/<1 

this process of successive approximation till wo gel coincident values of T' and p' 
for two successive approximations In practice it was found that generally a third 
approximation was quite sufficient The results of such calculations are given 
below 


10-* ergs/gm 


T = 9 63 
p' = 7 18 
A- v = 95 43 
l-/S x = 3 80 


10® degrees 
10® gm /cm * 

10-® 


§4 Calculations for M = 20 
Coro radius A J 
Total radius ^ 

Central temperature =8 71 10®degiecs 

Central density = 2 22 10® gm /cm 3 

Radius = 1 47 10® cm 

Effeotive temperature = 7125 degrees 

§5 Calculations for M = 1 0 
Core radius 
Total radius w 

Central temperature = 1 14 10? degrees 

Central density = 5 38 10* gm jam * 

Radius = 1 86 10® cm 

Effeotive temperature = 5330 degrees 
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§6 We have given before the properties of masses 20 and lO for LjM = 10~* 
We shall now do the same for masses 020 und 01 0 for arbitrary values of 
LIM (10-< — 10- 8 ) 

Table III 

Af- 020 



Table I\ 



§7 


Also 


The mterfa< lal temperature and density are respectively given by, 



( 8 ) 
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The above expressions are not very accurate since in their deduction we have used 
ordinary Kramer’s formula for the non dogcnerato opacity, 1 e ki — 4 23 10* 8 —yi 

instead of the more aoourate formula given by Morse 

Having thus estimated a reasonable value for (1 — 13 1 ) we can now enumerate 
reasonable values foi the physical quantities for tho masses M = 020 and 
if = 01 O 



LIM 

(1-jSi) 

a Core rad 
f 0 Total rad 

R 

Total radius cm 

r 

Interfacial 

temperature 

i 

It 

1 

*•1 

Non degenerate 

T c 

Central 

temperature 

Lji 

J 1 

T, 

Kfiectne 

temperature 

nr» 

J<r» 
nr » 
10“* 

2 88 ur« 

1 07 10‘* 

140 Hr? 

0 44 

0 08 

0 0~ 

: 

5 2 10» 

4 0 10* 

4 0 10* 

ko io* 

! 

1 7 1 10* 

8 00 10*, 

4 01 10* 

2 30 1(1* 

1 14 10* 

4 20 10i 

i r.o leu 

5 02 

7 27 10* 
2 72 )0« 
1 01 10*1 
2 75 10* 

2 0 10* 

1 1 10* 

1 5 10* 

1 3 1(1* 

4 2 10* 

4 8 ir* 

15 4 10* 

5 5 JO* 

218 

100 

115 


§8 Past II Stabs at their maximum Central Temperature 
and Luminosity 


We have seen in Part I that the configuration in which degeneracy is just settmg 
m has the maximum central temperature The luminosity of small masses decreases 
very rapidly with the decrease of mass It would be worthwhile to calculate tbe 
luminosity when the central temperature is maximum The luminosity L is. 
given by, 

r 4ncQM(l-P 0 ) 

L = j 

k c a 

where 1 — is given by tbe quartic equation, 

l-fc-600 10-. (§)■(£)*. fc., 


(10) 
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In our calculations we have assumed the star to be composed of Russell mixture of 
elements diluted with 35% hydrogen and have taken /x to be equal to unity This 
is admittedly a crude assumption For opacity we have used the expression 
given by Morse The guillotine faotor is known from Morse's table corresponding 


to the mean condition T = - To The results of such calculations are summarised m 


the table below 


Tabus VII 


Mass 

MIO 

r R 

L ° 810 so 

To 

Centra) 

temperature 

P c 

Central 

density 

25 

-0 76 

7 46 10’ 

3 OH 10* 

2 

-0 73 

2 13 10’ 

2 76 10* 

1 

02 

01 

-0 63 
— 0 39 
-0 29 

8 44 10* 

0 87 I0« 

3 92 10» 

5 89 10* 

2 36 101 

5 89 


L,, gl0* t 

T, 

Effective 

temperature 

T h 

Logl ° LQ 
(Calculated) 

_ L 

Log lor5 

(Observed) 

0 78 

6360 

-1 35 

-1 77 

1 12 

4217 

- 1 99 

Krilgor 60 
-1 96 

2 12 

40 

5 1 

1253 

97 

27 

-390 

-79 

-99 

0, En C 


The oaloulations given in the table are based on the assumption that the central 
temperature reaches maximum when the core just vanishes, i e for w s = 0 As a 
matter of fact the maximum will reach somewhere in the region of partial dogeneraoy 
We shall discuss this point m another paper, dealing with partially degenerate 
stars Prof Russoll ( 1 944) has performed a similar calculation based on Eddington’s 
idea that high maxima of surface and oentral temperature should ocour for values 
of the radius about 3 or 4 times that of the degenerate state 

It is clear from the above table that even under the most favourable condition 
it would be impossible to observe stars of mass less than 050 by their own 
light The opacity as calculated from Morse’s acourate expression is so large for 
these small masses that the radiativo flux of heat is very small for them 

It is a pleasure to acknowledge my indebtedness to Prof D S Kothan for bis 
help during the oourse of the present investigation Thanks aro also due to 
Prof K S Krishnen for the kind interest he has taken in this work 
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By Hanskaj Gupta, Government College, Hoshiarpur 
(Communicated by Dr D S Kothan ) 

(Received September 23 , read November 22, 1946 ) 

1 In 1040, I listed numbers 1 less than 20,<M)0, which cannot be represented 
by Ramanujan’s ternaiy quadratic form 

*2+3,8+ 10 * 2 

In this connection, I computed a table giving the non negative solutions of the 
equation 

(1) * a +y* - 1, 

with x<y The following is a specimen of tho ontnes in this table The third 
column gives n 2 (t) — the number of non negative solutions of (1 ), tho solutions (a, b) 
and (6, a) bemg considered different when a and b are unequal The last column 
gives the value of N 3 (<) defined by tho relation 

(2) N 2 (t) = 2 «*(*) 


l 

y) 

n 2 (t) 

m) 

6961 

(20, 81) 

2 

5561 

6962 

(59, 69) 

1 

5652 

6964 

(58, 60) 

2 

5554 

6970 

( 9, 83) (27, 79)(47, 69)(67, 61) 

8 

5662 

6976 

(24, 80) 

2 

5564 


2 The presont tablo has been calculated at tho suggestion of Dr Kothan 
It gives the values of n t (l ) — the number of non-nogativo solutions of the equation 

(3) **+y*+* 2 =» t 
for values of t up to 10000 Since 

(4) n a (t) 0 when t a 7 (mod 8), 

I have not thought it necessary to give m the table, the value of n 3 (t) when t is of 
the form 8m+7 To find the value of »*(<) in the other cases, we express t m the 
form 8wi+a, where 0<»<6 The values of m are given in the first column of the 
table and those of n in the top row The last column gives the value of A r 8 (8m+7) 
where 

(«) N a (t) - n,(.) 

The value of N t (t) for other values of t, is easily found with the help of the table 
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».(«) - 2 ^-‘ a) 


By considering z m (3) as not less than either of the integers x or y, the work of 
computation was considerably shoitened While (6) would have required 100 
entries whon t = 10000, the shortened table required only 43 

3 To ensure correctness several checks were applied Thus the values of 
N t (r*) were computed from (5) and independently by using the formula 

[v/<] 

(7) #80) = ]># 2 0-* S ), 
and were found to tally The fact that 

(8) n a {t) = 0 if and only if t is of the form 4*(8a+b) 

was also of great use The results have finally been chocked against the olass-number 
table* computed by mo in 1936, it being well-known that w a (8*+3) is the number 
of classes of the Gaussian binary quadratic form 
ax*+2b*y+cy* 

with a negative determinant 

&*— oc = — (8t+3) 

These chocks and the extreme care 1 have taken m tho work of oaloulation make 
me suro that the entries m tho table can bo fully robed upon 

4 It may be notiood that the number c(t) of lattice points on the circle 

(A) x*+y* - t, «>0, 

is given by tho formula 

(9) c0) = 4{k 2 (/)-»i0)} 

The total number of lattice points inside or on the circle (A) is given by 

(10) CW*4{# 2 «)-[ v /<]}-3 
Similarly, «(<) — the number of lattice points on the sphere 

(B) x*+y 2 +z 2 = t, <>0, 

is given by 

(11) . a(O = 8n s (O-12» 2 (i)+6» 1 0) 

and the total number of lattice points inside or on the sphere (B) is given by the 
formula 

(12) 8(t) = 8NM~12N t (t)+e[Jt]+6 
In the above formulae 

» x (<) = 1 or 0, 

according as t is or is not a square and [x] denotes as usual the greatest integer in * 
6 The following short table gives tho values of # 8 (r*), A T a (r*), C(r*), 8(r 2 ) and 
F(r) where V(r) ■= [|wf®+0 5] for values of r up to 100 
It is well-known that for large r 

S(r 2 )~V(r) 


* Gupta, H (1941) Some Idiosyncratic Numbers of Ramanujan Pro c Ind Acad Sex , 13, 

#19-20 

• (1042) On the Class Numbers of Binary Quadratic Forms Revxtta A , 3, 283-99 
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TABLE OP VALUES OP N t (t) 


r N a C N t > 8 V 

50 2012 7845 68393 5 23305 6 23590 

51 2095 8173 72540 5 55491 5 55647 

52 2177 8497 76828 5 88817 6 88977 

57 2256 8809 81274 6 23443 6 23615 

54 2341 9145 85940 6 59757 6 69584 

55 2425 9177 90659 6 96507 6 96910 

56 2518 9845 95649 7 35317 7 35619 

57 2605 10189 1 00836 7 75775 7 7S7S5 

58 2698 10557 1 06075 8 16577 8 17283 

59 2788 10913 1 11647 8 60079 8 60290 

60 2883 11289 1 17290 9 04089 9 04779 

61 2982 11681 l 23261 9 50675 9 60776 

62 3078 12061 l 29300 9 97841 9 98306 

63 3177 12453 1 35634 10 47331 10 47394 

64 3278 12863 I 42108 10 97917 10 98066 

65 3384 13273 l 48733 11 49651 11 60347 

66 3485 13673 1 55716 12 04460 12 04260 

67 3586 14073 1 62741 12 59303 12 59833 

68 3695 14505 1 70044 13 10425 13 17090 

69 3807 14949 I 77691 11 76263 13 76055 

70 3914 15373 1 85306 14 36385 14 36755 

71 4025 15813 I 93328 It 98755 14 99214 

72 4133 16241 2 01453 15 62405 15 63458 

73 4256 10729 2 09923 16 28755 16 29611 

74 4373 17193 2 18081 )« 97437 16 97398 

75 4492 17665 2 27564 17 6706J 17 07146 

76 4608 18125 2 36687 18 38061 18 38778 

77 4729 18605 2 46075 19 12319 19 12321 

78 4866 19109 2 55655 19 87441 19 87799 

79 4974 19577 2 06498 20 64775 20 65237 

80 5101 20081 2 75540 21 43641 21 44661 

81 5230 20593 2 86992 22 25667 22 26095 

82 5358 21101 2 90647 23 08577 23 09565 

83 6491 21029 3 07660 23 90091 23 95096 

84 5018 22133 3 18640 24 82213 24 82713 

85 5761 22701 3 30041 25 71711 25 72441 

86 5891 23217 3 41702 26 63925 26 64305 

87 6030 23769 3 53772 27 58343 27 58331 

88 6167 >4313 3 65937 28 54025 28 54543 

> 78340 29 51647 29 52967 

1 91312 30 53617 30 53628 

t 04393 31 56601 31 58551 

t 17060 32 61029 32 61781 

1 31 430 33 69443 33 69283 

4 45291 34 78573 34 79142 

4 69559 35 90936 35 91364 

* 74053 37 05093 37 05973 

97 7479 29525 4 88877 38 21855 38 22998 

98 7636 30149 5 04098 30 41729 39 42456 

99 7789 30757 5 19679 40 04563 40 64379 

100 7956 31417 5 35339 41 87857 41 88790 
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93531 

93887 

94230 

94584 

94878 

95250 

95640 

95980 

98450 

90777 

97074 

97455 

97821 

98214 

98580 
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0 

i 

2 

3 

4 

5 

6 


700 

30 

•Ml 

\ r > 

00 

42 

48 

IK'I 

„„„ „ 

701 


132 

7 ‘2 

30 

42 

72 

1 48 

220949 



78 



42 

108 

48 

227 390 

703 


102 

no 

84 , 


Ml 


227870 

704 

3 

lit 


42 

57 

42 

57 

228350 

705 

4S 

03 

120 

18 

12 

174 

•10 

22801 1 

700 

27 




4S 


lft8 

229448 

707 

12 

87 


57 


108 

b<> 

220010 

70S 

24- 



30 

Id 


102 

230447 


r »4 

00 

(8 

1 !>f> 

Irt 

54 

108 

23091 2 

710 

12 

00 

72 

(! 

S4 

48 

00 

231320 
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Introduction 

The structure and development of male and female genitalia m different groups 
of Orthopteroid Inseots have been studied by a number of workers Observations 
on oopulation have also boon reoorded m several instances , and it is now established 
that a spermatophore is formed withm the genital organs of a male in the various 
families of Orthoptora, and that insemination is accomplished by transference of a 
spermatophore from the male to the female Our knowledge regarding oopulation 
and insemination in oookroaches is meagre A spermatophore has no doubt been 
observed in lllatta onerUalts by Zabinski (1933), and Qadri (1938), but little is 
known of the exaot function of the different parts of tho male and female genitalia 
during the process of copulation Snodgrass (1937) writes 'Considering how 
ultimate some of the oookroaches are with us, it is disconcerting to find how little 
we know of their private lives ’ The following account incorporates the observations 
on the various aspects of copulation and insemination in Penplaneta a mencana, 
and also deals with the exact working and function of the component parts of the 
male and female genitalia during the act of copulation 

Material and Technique 

Large number of nymphs of cookroaohes were reared in the laboratory and a 
oomplete record of the date and time of their final moult was maintained The 
adults were removed from the common stock soon after their emergence and males 
were segregated from the females For observing copulation, the male and female 
oookroaches were brought together in large glass dishes oovered with gauze In 
some oasee several females and one or two males and in others several males and a 
few females were kept in the same dish In the event of their not oopulating, and 
also when it was not possible to watch the process, care was taken to separate the 
nudes from the females 

Ordinary methods of killin g the oopulating individuals, with interlooking of 
their genitalia intact, did not prove successful However, hot water was found 
very useful for killing gubh insects. The oopulating pair was led into a beaker 
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or a tall glass dish and suffioient quantity of hotjwater at about 70°C was poured 
over thqm This resulted in quick and simultaneous death of the pair with all their 
parts in the copulating position In case immediate disseotion was pot required, 
a small inoision on the sides of the body of the animals wa^ made and the pair was 
preserved in 70% alcohol to which a few drops of glycerine were added After 
watching progressive stages of oopulation, it was found advisable to kill the animals 
about 45 minutes after the beginning of oopulation, since that is the time when 
they are completely engrossed in the aot and do not easily separate 

Observations on Copulation 

It has been observed that under laboratory conditions, cookroaches oopulate 
only during night from March to September On an average the process of con 
jugation lasts an hour and a half but under disturbed conditions it may get prolonged 
to two hours or even more In many cases the males were found exoited after six 
days of their last ecdysis and a fow did even copulate with females of the same age 
In no i ase either a male or a female copulated earher than six days, although, both 
Zabinski and Qadri are of opinion that at least the females are ready to yjpulate 
just after their final moult Both the males and females copulate several times 
during their lifetime , the male is capable of copulating at intervals of six to seven 
days but the female less frequently sinoe the latter, after copulation, gets busy 
depositing ooooons The female cookroa< h becomos once more ready for oopulation 
only when its store of sperms m the spermatheca is exhausted during cocoon forma 
tion A few of these were observed to copulate even as early as three to four hours 
§fter the cocoon laying was over 

Unlike some other insects there is no evidence to show any land of courtship 
m P amerxcava and female in particular gives no indication of its desirability for the 
action An exoited male, whose abdomen beoomes extended, genitalia partly 
extruded, and the oerci atretohed out, bustles about in Bearch of a female and runs 
after other cookroaches touching their bodies by means of its antennae On an 
proaohing a female, it attempts to msert its abdomen beneath that of the female, 
and also tries to catch hold of the female genitalia This is done usually from 
behind, sometimes from one side, while Wille’s remark, ‘the male brings the end 
of its abdomen close to the head of the female,’ inchoates that it tries to do so from 
in front An unwilling female avoids the male and quietly walks away leaving the 
latter alone on tho spot Rarely does a male find itself readily acceptable to the 
female, and in this connection Qadn s statement, the young males avoid the females 
and fiee away if the latter approach them ’, gives a wrong impression that the female 
rather than the male is initially excited A male in search of a companion may, 
m the heat of the moment, msert its abdomen beneath that of another male but on 
finding it one of tho same sex, it soon withdraws from there At tunes, after a few 
minutes attempt, it is able to oatoh hold of a part of the genitalia of a female but 
in oaso the latter is unwilling a tussle ensues and the two separate 

A willing female permits the male to insert its genitalia within her vestibulum 
The two soon beoome joined by their posterior ends and remain connected together 
in a tail- to tail position till insemination is normally completed After their mutual 
union is established, the male becomes perfectly passive while the female takes an 
active part and moves about dragging the male behind her in search of some dark 
cosy plaoe Having secured one, the pair remains stationary and they do not 
indioate any movement for some time After about an hour of their union they 
tap each other by their hind or fore legs, apparently indicating the climax of the 
operation It has been ascertained by dissecting a number of copulating pairs, 
foroibly separated during the process, that the spermatophore is not discharged 
from the male within at least an hour from the beginning of oopulation This has also 
been made sure that even after the deposition of a spermatophore, the pair remains 
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oonneoted together for about fifteen minutes after which the male withdraws its 
genitalia and the two separate The female remains motionless for some time while 
the'male retires from the spot 

Shi attraction 

Observations on the mating habits of P amencana show that there is no aex- 
attraotion in oookroaches, these appear to be guided mainly 1 * * by instinct Wille 
has demonstrated in Blatella germamca that the secretion of two pairs of glands, 
dorsally situated at the ends of sixth and seventh torgites of adult males, serves to 
attract the females at the time of mating He writes When a male encounters 
a female, it raises the wings at right angles to the body and exposes the depression 
of its baok to the female, who being soon attracted to them, first explores them with 
her palpi and then proceeds to lick them with her mouth parts ’ Rau (1924), Zabinski, 
and Qadri in their observation on B orientals agree with Wille on this point and 
further record that the male attracts tho female on its baok and extends the abdomen 
below her to secure a hold on tho ovipositors I, however, failed to observe m 
P amencana tuny attempt on the part of the male to attract a female on its back, 
nor have I found the female exploring and Uoking the glands on the baok of the 
male Only a pair of dorsal glands, 1 equally developed in both the sexes, occurs 
in nymphs as well as in adults of B onentalts and P amencana and I regard these 
as odour produomg glands as suggested by Haase (1889) and Oettmger (1900) I 
therefore feel sure that these have nothing to do with sex attraction, there being no 
suoh phenomenon m these insects 

Inter relationship of oenitaija a and other parts of male and female 
DURING THEIR UNION 

A male oookroaoh, pnor to getting an actual hold on the female pulls down 
the gynovalvular portion of the seventh stemito of the female by tho tip of its 
protruded titillator This action of the male releasos the ovipositors of the female 
and their free distal ends are then pushed up by tho male genitalia to widen out 
the entrance of the female geuital pouch (gynatnum), into which the male inserts 
its genitalia In firmly united specimens, the distal portion of the ninth stemite 
of the male comes to lie above the gynovalvular portion of the seventh stemite of the 
female and the styles of the male press hard against the notches of the seventh 
stemite of the female The ceroi of the female he beneath those of the male, 
the two resting in a cross wise manner on either sido The wings of the male usually 
oome to he beneath those of the female The epiprocts of the male stretch beneath 
those of the female, press against the paraproots of the latter and also get bent upon 
themselves 

The nght phallomere * of the male genitalia oocupies almost a median dorsal 
position within the gynatnum and is situated between the posterior gynapophyses 
and the ejaoulatory duct, the former taking no part in the actual prooess of copula 
tdon The distal extremity of the serrate lobe of the phallomere reaches the bases 
of the antenor valvulae of the ovipositor The curved spine of the right limb of 
serrate lobe entangles the left valvula while the two prong like processes of its left 
limb hold the nght valvula The right and left antenor valvulae come to he above 
the left * and ventral 6 phallomeres respectively These valvulae extend back to 
the opposing lobes which open to allow the entry of the former into the space enclosed 
between themselves The opposing lobes soon tighten their hold to grasp firmly 


1 Donal glands were described in Penplaneta by Minchin (1889 1890) 

* The terminology baa been adopted from Crompton (1925) and Snodgrass (1937) 

*, 4 , 4 ‘ The nght, left and ventral phallomeres are equivalent to the Right Donal, left 

(oombined donal and ventral), and Right Ventral per.it valve* respectively (Qadn, 1938 , 1940) 
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these valvulae between their hpa It will thus be seen that the anterior valvulae 
are the only parts of the female genitalia that are held tightly by those of the male 



during the act of copulation and are released only after the completion of the act 
The remaining solentes of tho right phallomere are only subsidiary and mainly 
provide attachment to the muscles 

The other parts of the male and female genitalia he just under the right phallo- 
mere of the male.andfthe ovipositors of the female The vulvular plates which 
ordinarily he flat on the seventh stemite become vertically slanting and female 
gonopore situated between the vulvular plates consequently points obhquely back- 
wards The lateral spermathecal plates, which m the natural condition superpose 
the penvulvulars get likewise tilted and thus -widen out the vaginal opening The 
arms of the median spermathecal sderite are pulled anteroventrally and all these 
adjustments cause the spermathecal papilla face vertically downward 

The ventral phallomere, on whioh the terminal opening of the ejaoulatory 
duot is present, shifts to the right making room for the expansion of the lower hp 
of the ejaoulatory duot It does not hold any part of the female genitalia while 
Qadri writes ‘In B orteiUalis it holds the anterior ovipositor valves tightly ’ The 
ejaoulatory duct becomes fully dilated and its membranous upper lip as well as the 
fchiok lower bp, both extend up to the entrance of the vagina The spermatophore 
la expelled out by the muscular contraction of the wall of the ejaculatory duot and 
it Is direotly attached on to the ventrally projecting spermatheoal papilla 



THE COOKBOAGH PERIPLANRTA AMERICANA (LINN ) 


69 


The left phallomere which moves at an angle of about 30° from its original 
position projects towards the right from beneath the ejaoulatory duot The ex- 



Thxt no 2 Dorsal viow (semi diagrammatio) of the male and female genitalia 
during copulation aftor the removal of the posterior gonepophyeee 
a v , anterior valvula, b a , baeorcus, b l , basilamina, b a l , basi serrate lobe, tj d., ejacu 
lntory duct, 1 e) d , lip of the ejaculatory duct, o l , opposing lobe, * l , serrate lobe, » p , slier 
matheoal plate, apt j, Bpermatheoal papilla, aph , spennatophore | a a , spermathecal solento, 
v p , vulviuar plate, v ph , ventral phallomere 

pandod tip of the pseudopems enters the female gonopore where it rotates about 
90° on its own axis getting an anchorage on the perivulvular selentes The asperate 
lobe lies just above the pseudopems, a httle to the right side, while the opening of 
the phalho gland is situated immediately adjacent to the opening of the ejaculatory 
duct The titillator, whioh in the very beginning of the process brought about 
the opening of the female gynatnum to allow the ontranoe of the male genitalia 
into it, oomes to he ventrally in a slanting position The aoutolobus is Bituated 
above and slightly to the left of titillator and its curved spine presses against a 
depression on the endogynal plate m the do thecal membrane The other soerhtos 
are likewise tilted and mainly provide attachment to the muscles. 

Rau’s, Zabmski’s, and Qadn’s descriptions of the copulatory prooess are inade- 
quate and for want of dear and properly labelled sketches an understanding of the 
inter-relationship of the parts of male and female genitalia is hardly possible. I agree 
with Zabmski’s observations that the removal of the long hooked prooess (titillator) 
from the genitahajof ajmale disables the same to copulate with a female because 
suoh|a male will not be able even to open out the female gynatnum (vestibulum) 
Likewise, a normal male, will be unable to retain hold on a female oookroaoh from 
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•whose genitalia the anterior valvulae have been removed, beoause this is the only 
part of a female that is well within the grasp of the male during the act of copulation 
Qadn (1938) writes The right ventral pent* valve which is probably incorrectly 
referred to as the penis by Zabinski and others, holds the anterior ovipositor valves 
tightly, while the right dorsal perns valve lies befjveen the anterior valves, and 
appears to be the mam clasping organ The ejaculatory duct enters from the side 
and its membranous lip is applied to the bases of the anterior valves where the 
spermatophore is attached (Italics are mine) There appears to be some oonfusion 
in the use of the terms left and right dorsal and ventral penis valves in the genitalia 
of male (Qadn 1940) Mv observations on P amertcana are not in agreement with 
those of Qadn in many respects The n 0 ht ventral penis valve, whir h is equivalent 
to the ventral phallomere, is plane and simple part incapable of holding anything, 
still Qadn has assigned to it the function of holding the anterior ovipositor valves 
winch are actually grasped by tho right phallomere equivalent to the right dorsal 
penis valve mentioned by him The details regarding tho functions of the other 
component parts of the gomtaha havo not been desi ribed by him The membranouB 
lip of the ejaculatory duct lies below the ovipositor valves and is not applied to the 
bases of these as pomted out by Qadn and neither is the Bpcrmatophore attached to 
the bases of the anterior valves 


Fate of the Spermatophore 

As already mentioned the spermatophore is expelled out of the ejaoulatory 
duct and it is attached on to the spermathecal papilla of the female whore it has been 
found sticking up to about 21 horns after the copulation In a fleshly mated female 
the outer wall of the spermatophore is soft and it is loosely attached to the sperma 
thecal papilla but within about two hours the wall of the spermatophore sets in 
and hardens so that the spermatophore becomes firmly fixed on to the papilla 
After about 18 hours the spermatophore attac hment heiomes loose and 3 to 4 
hours later it is no more found within the genital chamber of tbe female The 
ultimate fate of the empty spermatophore is obsoure possibly it drops out and is 
eaten up by the female as is recorded in some other Ortlvopteroid insects (Gerhardt 
1913 1914) 

Different views have been expressed regarding tho place of attachment of the 
spermatophore and its fate Zabinski says Copulation m B orientalia results in 
tne attachment of a spermatophore on the papilla of the female containing the 
spermathecaj orifice the spermatophore is carried by the female for two or three 
days and is then rejeotod Qadri wrongly ontioises /abmslu regarding the uutial 
place of attachment of the spermatophore and writes In just mated female, the 
spermatophore is far from the spermathecal aperture and lies between the bases 
of the ovipositor valves In a male dissected eight hours after mating, the sper 
matophore was shifted from the ovipositor valves to the interior of the genital oanty 
in the vicinity of the spermathecal aperture ’ (Italics are mine) My observations 
on P amertcana are in agreement with those of Zabinski since I also find that a 
spermatophore is attached from the very beginning to the spermathecal papilla 
It appears that while Qadn was handling a jUBt mated female, the soft, freshly laid 
spermatophore which was then loosely attached to the spermatheoal papilla got 
displaced from its original position during dissection and remained attached to the 
ovipositors which he just above and press against the postenor part of the sperma 
tophore It is otherwise, not possible to explain the deposition of a spermatophore 
far away from the spermatheoal aperture and also its shifting from the ovipositor 
valves to the mtenor of genital cavity m the vicinity of the spermatheoal aperture 
as the time advanoes 
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Summary 

Copulation in oockroaohes usually takes place during night from Maroh to 
September and lasts about an hour and a half There is no courtship A male 
becomes sexually exuted when fully formed spermatophore is present m its ejacu- 
latory duct and moves about in search of a female while tho latter behaves indif- 
ferently and it dots not try to mount the back of the male as mentioned by previous 
workers Thoro is no glandular secretion to affect sex-attraction Copulation 
takes place only six days after tho final moult in both the male and female The 
males copulate several times at intervals of about seven days while the females 
less frequently and they can do so even a few hours after laying a ooeoon 

Durmg copulation the male and female remain joined together m a tail-to-tail 
position The titillator of the male genitalia forces open the female gynatnum 
thus allowing the entry of the former into tho latter The pseudopoms actually 
enters the femalo gonopore and anchors the vulvular plates, the right phallomere 
works as the main < lasping organ since its opposing lobes and the serrate lobe hold 
the ventral valvulae and their bases The spermatophore is expelled out and is 
directly attached on to tho ventrally projecting spermathecal papilla 

The secretion of tho phalho gland is poured over tho spermatophore during its 
attachment to the spermathecal papilla and hardens to form the outer wall of the 
former The spermatophore remains ottaohed to the papilla for about twenty-one 
hours durmg which tho spermatio fluid within the spermatophoro passes into the 
spermatheoa 
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PHOTOCHEMICAL STUDIES IN SOLS AND GELS PART 1 
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Photochemical reactions m liquid as well as in gaseous phases have been studied 
in considerable detad but m comparison, very few reactions have been studied in 
a sol or a gel phase As examples, we may cite the decomposition of silver halides 
in gelatine studied by a number of workers, notably by Eggart and Noddaok in 
wavelengths 365, 406 and 436 pp and the decomposition of AgCl (sensitised by Ag) 
on printing out paper studied by Weigert in wavelongth 436 pp But no worker has 
yet made any comparative study of the kinetics of any reactions m both sol and gel 
phases It would, therefore, be very interesting if methods could be devised by 
means of whioh photochemical reactions could he studied in a sol phase and the 
results oompared with those studied in the gel phase Chemioal processes in nature 
mostly take place m sol and gel phases It is hoped that similar laboratory inves- 
tigations in sol and gel phases may throw light On the mechanism of such chemioal 
processes in nature With this idea m mind, we started our work using some 
transparent and colourless thixotropic sols and gels as solvent media The advantage 
of using the thixotropio gels is that they liquefy on shaking whioh set again on 
standing for some time 

In the present investigation wo have studied the oxidation of glycerine by 
methylene blue with colloidal zinc oxide as the photosensitiser in light of frequencies, 
366, 406 and 436 pp in media of thixotropic aluminium hydroxide sol and gel 

The action of zmo oxide in photosensitizing the decomposition of various orgaiuc 
compounds and a large number of inorganic reactions has long been known Eibner 
was the first to observe that several inorganio and organio coloured substances (e g , 
Prussian blue, lead chromate, etc ) are reduced in the light by zmo oxide in the 
presenoe of a depolanser such as gly< erine or sugar Winther studied the fluores- 
cence of zinc oxide and some of its photosensitising action Eor both processes, the 
near ultraviolet spectral region was found to be effective Winther suggested that 
the zmo oxide remains chemically unchanged during these reactions and supported 
the view by experiments, which indicate that actually the size and shape of single 
zmo oxide partioles remain unchanged even on prolonged illumination in presence 
of glycerine and lead carbonate Tammann observed that, in presence of solid 
zmo oxide, silver is deposited from a solution of silver nitrate on illumination and 
zme goes into solution Tammann suggested that light accelerates the ionic exchange 
according to the equation, Zn0+2AgN0 8 = Ag 2 0+Zn(N0 8 ) 2 Kohlshutter and 
d’Almendra demonstrated that metallic silver and not its oxide is the produot of 
light action In this connection the investigations oamed out by Baur and his 
collaborators are outstanding Baur and Perret and Perret studied the photosensiti- 
sing aotion of zmo oxide by exposing to sunlight a suspension of zmo oxide or other 
insoluble inorganio substances in silver nitrate solutions The result inchoates that 
the photosensitised decomposition of silver nitrate solution is due to a speoifio action 
of zmo oxide and not to the presenoe in general of solid partioles in the solution. It 


VOL XIII— No 2 



74 


J 0 GHOSH & S K BHATTACHABYYA PHOTOCHEMICAL 


was further observed th at on short illumination , not only metallio silver, but also silver 
oxide and peroxide are deposited on zino oxide surfaces and that an equivalent 
amount of this latter goes into solution The photochemical .reaction was also 
found to be follow ed by evolution of gas, identified as pure oxygen Perret suggested 
that the integral process taking place on illumination,^ expressed by the following 
equation 

2AgNOa+ZnO(+hgbt) = 2Ag+Zn(NOs)j+l/2 Oj 
and demonstrated that, actually, the total amount of oxygen formed (free and 
bound m silver oxides) is given roughly by the relation 
1/4 0 E = Ag 

Baur developed in a series of publications a novel theory of photosensitisation to 
explain the action of zino oxide or uranyl salts m promoting various photoohemioal 
processes The sonsitiser is thought to beoome on absorption of light a polarised 
molecule comparable to the two electrodes of an electrolytic cell Perret (loo at ) 
observed that solid zinc oxide particles exert a speoifio photosensitising action also 
on solutions of mereuno chloride and the reaction proceeds according to the equation 
2HgCl 2 +ZnO = Hgj.Clj+ZnClj+1/2 0 2 

The reaction is greatly accelerated by dextrose and by sucrose, when the reaction 
is of zero order The third reaction of zinc oxide, studied by Perret, was its aotion 
m hght on methylene blue Methyleno blue has loDg been known to be hgbt- 
sensitive LasarefF studied the kinetics of reduction of methylene blue solutions 
m solid gelatine He found that the process was reversible and that, under the 
influence of free oxygen, the methylene blue leuco base was oxidised m the dark 
to the dye-stuff again According to Perret (loo oit ) the photochemical reaction 
of methyleno blue is noticeably accelerated by tbe presence of zinc oxide 

In presence of glycerine or glucose, the reaction bos been schematically described 
as follow s 

ZnO® -f f?l UC08e or glycerine -> oxidation produots 
u © (.methylene l>lue-*leuoo-dye 

Baur and Neuweiler have shown that by exposing aqueous suspensions of zino 
oxide in contact with air to sunhght hydrogen peroxide is formed They repre- 
sented the reaction as follows 


OH--*l/4 0 2 +l/2 HjjO 
H+ + 1/2 O z -*-l/2 HoO 




References may also be made to the w ork done by Bohi , Fukhusbima , McMorris 
and Dickinson .’jGoodeve.^Narasimhachari and Qureshi and lastly by Dhar and 
Bhattacharyya 

None of these workers, however, have studied the hnettca of the reactions 
sensitised by zino oxide, because such studies present considerable difficulties on 
account of the heterogeneity of the reacting substances 

After a number of trials we have succeeded m gettmg a suitable protective 
oolloid, — thixotropic aluminium hydroxide sol, — which keeps zino oxide m a colloidal 
state for nearly 10-12 hours during whioh each experiment recorded m^this paper 
was completed 

Section A— deals with the reaction in aluminium hydroxide sol as’medium 
Section B — deals with the reaction m aluminium hydroxide gel as medium. 


Expebmental, 

The source of light was a mercury aro lamp whose strength of current and 
voltage were mam tamed constant by means of a regulating resistance Parallel 
beams of light were obtained by means of quartz cylindrical lenses of different focal 
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lengths Monochromatic radiations at 366 and 406 and 436 pp were obtained by 
using as filter a dilute solution of copper sulphate in combination with the oorre 
sponding Schott and Gen monochromatic filter The reaction cell was made of 
corex glass and was circular with a thickness of 1 cm and having a capacity of 2 5 o c 
The cell was placed inside a double jacketed metal box with a window in front The 
temperature was kept constant by passing, with the aid of a circulating pump, 
water from a thermostat through the annular space of the box It is essential for 
acourate work that no extraneous fight should enter the reaction cell and the re 
ibtion was carried out in a perfectly dark room, the only light entering the reaction 
oell being that obtained from the lamp through the window 

Reagents 

Merck’s extra pure 7,ino oxide, bi distilled glycerine and methylene blue supplied 
by B D H were used throughout For making thixotropic aluminium hydroxide 
sol, extra pure aluminium sulphate, lead acetate and barium acetate supplied hy 
B I) H were used For making solutions bi-distillcd water was used 

Preparation of thixotropic aluminium hydroxide sol 

Thixotropic aluminium hydroxide sol was prepared by slow hydrolysis of 
aluminium diaoetate following the method of Crum This information being not 
generally accessible, the method is given m detail below Aluminium acetate wor 
first prepared by mixing together strong solutions of tcrsulphate of alumina and of 
acetate of lead They were poured slowly together into a beaker surrounded with 
loe cold water To the filtrate was added H 2 S to precipitate lead sulphate which 
remained in solution and next barium acetate to throw down sulphuric acid 

The filtrate, thus obtained free from lead and H 2 >S0 4 , speedily became turbid 
on heating and a heavy deposit of whito crystalline powder was formed This 
basic diacetate of aluminium was washed several times with distilled water and'then 
dissolved in 200 timos its weight of boiling hi distilled water The solution was 
then maintained at about 90°C for 15 days when complete hydrolysis ocourred 
The liquid was then boiled m a wide beaker for nearly 12 hours with constant addition 
of fresh water to retain the samo volume so that most of the acetic acid had been 
volatilised and then the alu mini um hydroxide sol was put to dialysis for nearly a 
week until the^sol became neutral The dialysed sol was concentrated, filtered 
and used 

Estimation of the Aluminium hydroxide sol 

The concentration of aluminium hydroxide m the sol was estimated by dissolving 
Al(OH) s in HNO a and precipitating Al(OH) 8 by ammonia The investigated sol 
oontamed 11 66x10"* Mols of A1 2 0 3 per litre 

Preparation of coUmdal zinc oxide 

It is not possible to prepare oolloidal zme oxide in water as a medium After 
many trials we have found that thixotropic aluminium hydroxide sol acts as a 
protective oolloid in keeping 7 mo oxide in a colloidal state for more than 12 hours 
The oolloidal zmo oxide was prepared daily, before use, by triturating a weighed 
quantity of zmo oxide with Al(OH) 8 sol in a glass mortar for 10 minutes and then 
diluting it either with bi-distilled water or with further quantity of Al(OH) 8 sol 

To study the reaction in sol-phase dilution was made by adding water whereas 
for studying in the solid gel phase dilution was made by adding Al(OH) 8 sol. For 
solid phase reaction Merok’s extra pure KjS 0 4 was uBed for setting the sol to a 
jdly. 
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Measurement of the velocity of reaction 

Speotrophotometno method was adopted for the estimation of methylene blue 
at any moment For this purpose ‘Speotrophotometer Assembly’ supplied by 
the Gaertner and Co was used Spectrophotometer readings (9) were taken with 
the Corex cell Idled with mixtures of different concentrations of methylene blue and 
colloidal zmo oxide in the groen region (546 /i/t) where the leuoo-dye has got no absorp- 
tion — the blank oorex cell being tilled up with Al(OH) , sol of the same concentration 
as m the dye solution The calibration ourve was obtained by plottmg log tan 8 
against tho concentration of methylene blue at a particular^sol concentration (Fig 1) 



As colloidal zmc oxide has got appreciable general absorption m the visible, separate 
curves for absorption at 546 were obtained corresponding to different concen- 
tration of colloidal zmc oxide in the mixture 


Concentration of Concentration of 


Hpoctrophotometor readings 


dye and 
colloidal zmo 
oxide (9) 

76 8 
72 0 
84 9 
60 6 
67 0 


0 6208 
0 4882 
0 3294 
0 2491 
0 1875 
0 0608 
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The cell containing the reaction mixture was made absolutely airtight by oovering 
the stopper with paraffin wax as the leuco-methylene blue is easily oxidised by air 
There is an induction period m this reaotion whioh was eliminated mostly by passing 
pure and dry N 2 gas through the reaotion mixture just after mixin g the ingredients 
and partly by exposing the reaotion mixture to the whole light of the mercury- 
aro for 5 minutes 

It was observed that methylene blue does not get reduoed when exposed to 
light of frequencies 366, 406 and 436 pft either alone or in presence of glyoenne or in 
presence of aluminium hydroxide sol No dark reaction was observed when a 
mixture of colloidal zmo oxido, methylone blue and glycerine was kept in the dark 
for more than 24 hours 

Determination of pH 

The pH of the reaction mixture was determined potontiometnoolly by using 
a glass electrode 


Measurement of Intensity 

The intensity of radiation absorbed by the reaction mixture was measured by 
means of a ‘Weston’s Photronic coll’ and a sensitive galvanometer The photromo 
( ell was calibrated by means of a standard lamp (12 V , 4 0 W) standardised by means 
of a Moll thermopile and a Hefner lamp The mtensity of absorbed radiation was 
measured by noting the doflootions when the light passed through (a) thixotropic 
aluminium hydroxide sol of the same concentration as was used in the reaotion 
mixture, (b) the reaction mixture The difference m deflections m the two cases 
gave the mtensity of radiation absorbed by the reaction mixture. It is to be 
pointed out that aluminium hydroxide sol or gel has got no absorption in 36b, 40b 
and 436 pp 

As mentioned before, light absorbed by methyh ne blue is not effei tive in the 
photoohomioal reduction by glycenno and hence tho photo oxidation of glycenno 
by methylene blue is due to the bgbt absorbed by colloidal zme oxide alone 

The amount of light absorbed by colloidal zmo oxide alone can be calculated 
by the formula for mixtures f° r colloidal zmo oxide = 


7 0 (l— 

«l c l+<2 c 2 


(*) 


where «j = moleoular extmction coefficient of colloidal zme oxide 
« 2 = moleoular extmction coefficient of methylene blue 
Ci = oono of colloidal zmo oxide in gm raols/htre 
e 2 = cono of methylene blue m gm mols/htre 
d — thiokness of the reaotion cell in cm 
I 0 = mtensity of incident radiation 
The relation (a) can be roughly taken as 

I *= i ** c i 
ftl ” «l c l+*l c 2 




where I — mtensity of radiation absorbed by the reaction mixture 

The moleoular extmction coefficients and « 2 of colloidal zmo oxide and 
methylene blue were determined experimentally by mtensity measurements in the 
following way. The deflections m the galvanometer were noted, first of all, with 
the solvent alone (e g , aluminium hydroxide sol m the Qase of colloidal zmo oxide 
or water in the oase of methylene blue) and seoondly with colloidal zmo oxide or 
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methylene blue of known concentrations The moleoular extraction coefficients 
«i and « s were then calculated according to the equation, 



where c and d have their usual significance and 7, = intensity of transmitted light 
The values of and for different wavelengths (A) e g , 366, 406 and 436 ftp 
are recorded m Table II 


Tabus II 

Mm,) 360 400 436 

073 4 478 0 210 8 

r a 2700 0 1710 0 1733 0 

The extinction coefficients of colloidal zinc oxide as recorded above cannot be 
taken as perfectly aocurate as the necessary corrections for* the scattered light have 
not been made As the concentrations of colloidal zinc oxide had been taken 
throughout this investigation so low, that the colloid had a pale white opalesoence, 
the errors due to scattered bght might have been very small 

The reaction was studied at 25 T The experimental data are recorded in 
Tables III to XII The reaction was found to be zero-moleoular with respoot to 
methylene blue In the following tables, 

~ = zero moleoular velocity constant 

= No of gm mols of methylene blue transformed per litre per minute. 

In the tables, T — temperature, /„ = No of quanta absorbed by oolloidal 
zino oxide per o o per sec , 

a, b, A and B are the concentrations of methylene blue, glycerine, oolloidal 
zinc oxide and aluminium hydroxide sol respectively, m gm mols/htre 


Section A 

Determination of the order of the reaction 


Tabus III 


A = 436 a •=* 15 Ox 10-*M 6 = 20 0xlO-»M 

A 6 15 x 10-*M B = 690X1O-»M J ab , = 100 x 10’« 
Temperature (T) = 25°C pH » 6 92 


Timo 

(minutes) 


Spectro C 10* 

reading log tan 6 Methylene 
(6) blue 


(1) <+« 

(2) <+10 

(3) < 1-20 

(4) 1+30 

(0) <+*0 


08 4 0 4024 

06 0 0 3433 

62 8 0 2891 

60 0 0 2386 

57 2 0 1908 


12 07 19 7 

10 6 19 8 

86 196 

0 8 19 0 

50 

196 


from (1) and (2) 
from (1) and (3) 
from (1) and (4) 
from (1) and (6) 


(Mean) 
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X 

(M») 

366 


406 


436 


Effect of varying the concentration of methylene bine 


T - 26°C 


Tabu IV 


pH «= 6 92 


a 10* 6 10* 

(Mol ) (Mo) ) 


A 10* 

(Mol ) 


B 10 * , 
(Mol ) •‘abB 


lfl-1* 


Af 

At 


A* 

At 


1 


20 0 
15-0 
10 0 
7 6 
60 
20 0 
16 0 
10 0 
7 6 
60 
20 0 
16 0 
10 0 
7 6 
60 


10 0 6*16 6 06 


100 123 11 02 


20-0 6 16 6 06 


40 32 0 

„ 29 6 

„ 32 7 

„ 32 0 

„ 31 0 

20 2 9 

2 6 

„ 2 6 

„ 2 6 

2*6 

160 10 3 

„ 10 6 

„ 17 8 

.. 17 8 

„ 17 8 


8 0 0 08 

7 4 0 07 

8 2 0 08 

8 0 0 08 

7 8 0 08 

1 4 0 014 

13 0 013 

1 3 0 013 

I 3 0 013 

13 0 013 

1 2 0 012 

1 2 0 012 

II 0 01 

11 0 01 

11 0 01 


Effect of varying the concentration of glycerine 

Table V 


T - 26°C 


pH - 6 92 


X a 10* b 10* 

< MM ) (Mol ) (Mol ) 


A 10* 

(Mol) 


B 10* 
(Mol ) 


J *b. 10 “ I * 


An 

At 


A* 

At 


lOV.be r 


366 10 0 

406 16 0 

438 100 


0 16 6 96 

123 1192 


6 15 


5 96 


34 


20 


160 


26 7 * 7 8 0 08 

26 7 7 8 0 08 

23 6 6 0 0 07 

18 6 6 5 0 06 

12 8 3 8 0 04 

26 1 3 0013 

2 6 13 0 013 

2 6 13 O-018 

23 1 2 0012 

21 11 0011 

1 7 0 0 0 009 

17 8 1 1 0 01 

180 1 1 001 

180 1 1 001 

14 6 0 9 0 000 

9 8 0 6 0-006 


X 

(«») 


Effect of varying the concentration of colloidal zinc oxide 


T - 25°C 


Table VI 

pH - 6 92 


a 10* 6 10* A 10* 

(Mol ) (Mol ) (Mol ) 


B 10* 
(Mol) 


366 10 0 10-0 

406 160 104 

436 200 lo’o 


12 3 11 92 60 

0 16 6 96 40 

3 08 2 98 20 

12 3 11 02 20 

6 16 6 96 10 

12 3 11 92 166 

6 16 6 96 123 

3 08 2 98 69 


36 0 7 2 0 07 

32 7 8 0 0-08 

16 7 7 6 0 076 

26 1 3 0013 

1 4 1 3 0 013 

20 6 1 2 0 01 

14 0 11 o01 

6 96 1 0 0 01 
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Effect of varying the intensity of incident and hence of absorbed radiation 

Table VII 


pH - SK>9 

’* J ab> 10-i* Af 10 ? A® io* 1 // ab9 y 


11 82 
5 96 


$1 


53 0 
32 7 
26 7 


90 


1 1 


0 08 
0 08 
0 08 
0 013 
0 013 
0 01 
0 01 
0 01 


Effect of varying the concentration of aluminium hydroxide sol 

Table VIII 

T =- 25°C pH = 6 92 

a 10* b 10* A 10* BIO* in-1* A* ]n 7 A* 10 *l /7 

>) (Mol ) (Mol ) (Mol ) (Mol ) 'ab, 10 ~ 1 ’ 10 -£7 10 “b* 


10 0 


6 15 


34 


26 7 


7 8 
7 8 


Section B 

Effect of varying the concentration of K 2 S0 4 


8 0 12 3 47 0 40 29 8 

.. „ „ 21 6 
.. „ 14 2 

o a firm jelly within 5 minutea wlion the concentration of 


Effect of varying the concentration of methylene blue 

Table X 

- 26°C pH = 6 92 K,SO* - 8 0 X 10-‘M 


r 


0-035 
0 035 
0 034 
0 035 
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Effect of varying the concentration of glycerine. 


- 3-OXlO“«M 

10’ 10 


2 0 .. .. 14 

Effect of varying the intensity 
Table XII 

nil - 0 »2 KgSth -30 


b 10* 


B 10* . 


(Mol ) (Mol ) (Mol ) (Mol ) J 


Discussion 


gel 


The reaotion has got the following common oharootenstios m both the sol and 
states — 


(1) The reaction is zero-molecular with respect to methylene blue 

(2) There is a slight induction period in the sol phase whereas m the gel phase 

it is appreciable 

(3) The velocity constant is independent of the initial concentration of 

methylene blue 

(4) The velocity constant is independent of the initial concentration of 

glycerine when [glycerine] ^ 0 OHM Below 0 08M, the velocity 
oonstant diminishes with decreasing concentration of glycerine In 

fact, 1 j~y plotted against gives a straight line (Fig 2) 

/ At glycerine 

(5) The felocity constant increases with morease m the concentration of 


oolloidal zino oxide, but — — i/ a b» remains praotioally the same With 


the maximum concentration, the light is, more or less, completely 
absorbed 

(6) For the same concentration of glycerine, the velocity oonstant is directly 
proportional to the m tensity of radiation absorbed by colloidal zinc 

oxide In fact, b «. is constant for a particular wavelength. 


which increases with morease in the quanta absorbed. 

(7) The quantum efficiency is much less than unity 

(8) The photo-active range of ZnO and consequently its absoiption extends 

up to the mercury violet, l e , 436 \m 


Winther has studied the light absorption of ZnO in the ultraviolet by its effect 
in reducing the fluorescence of mercurous chloride with whioh it is mtimatoly mixed. 
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He gives a curve for ZnO with a maximum at 360 pp and a minimum at about 300 pp 
Goode\e from a study of the diffuse reflecting power of the solid ZnO has obtained 



the absorption spectra of ZnO He has observed that there is a sharp fall in the 
reflecting power of the powder at 385 pp and the curve beoomes flat again at a re- 
fleeting power of about 2% and remains unchanged as the wavelength is decreased. 
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The rapid fall in the reflecting power indicates the entry of a strong absorption band 
with a fairly sharp threshold at the wavelength The light of wavelength below 
this threshold, reflected from the powder, undoubtedly comes from the front surface 
of the particles — this accounting for the flatness of the curve From these observa- 
tions Goodeve has ooncluded that zinc oxide absorbs in the near ultraviolet, which 
is exactly the region in which the oxide is found to be photoaotive 

The results of the present authors show that the photoaotive range and con- 
sequently its absorption extends oven up to the mercury violet, 1 e 436 p/t From 
a recent investigation on the formation of H z 0 2 from water in presence of solid 
ZnO as a sensitiser, Narasimhachan and Qureshi have drawn similar conclusions 
The following mechanism will explain all these characteristic features — 

The colloidal zino oxide surface is completely covered with a ummoleoular 
layer of the dye-molecules even at very low concentration of tlio dye It is re- 
markable that the absorption of radiation by the dyo-moleoules directly does not 
lead to the photoreduotion by reaction with glycenne But a dye-moleoulo can bo 
brought into activated state by receiving energy from the elementary spaces of 
the colloidal zino oxido surface which is also exoited by the absorption of radiation 
The low quantum efficiency may be due to two reasons — 

(a) Only a small fraction of the radiation absorbed by the colloidal ZnO is 

available for the activation of the dye moleoules adsorbed on the surface 
of the colloidal ZnO, or, 

( b ) the velocity of reaction between aotivated molecules and the reduotant 

adsorbed on the surface of ZnO is so slow that most of the former 
reverts spontaneously to the normal state It is difficult to docido 
between these two possibilities 


The vekx ity is given by 


Ax 

At 


W 


where C R is the surface concentration of the reduotant Aooordmg to Langmuir 


C K = 


*1 

K»+K t ('*„ 


(it) 


where 6 1 * is the concentration of reduotant in solution 


or 


When C R is very large, K 3 +K t G R B may be taken equal to K 2 C R 
Ax „, 1 K 1 

At™ N hv K t 


(in) 


That is, the velocity constant is independent of reduotant concentration when 
the latter is high as has been experimentally found to be the case 

At a lower concentration of glycerine, K s oannot be neglected m comparison 

t oK t C* B 




As , - 

3 + ‘ 


(lv) 


Hence 
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That is, at low concentration of reduotant, 1 .j-— plotted against l/C # ij, oer i no 

should give a straight line This has been found experimentally. 

The velocity of reaction has been found to be proportiolUd to the intensity of 
absorbed radiation as is demanded by equation ( 1 ) 

The rate of reaction and consequently the quantum^effioienoy is greater in 
medium of thixotropic aluminium hydroxide sol than that in aluminmm hydroxide 
gel This is not in agreement with the observations made by the authors m their 
work on the photo reduction of femo chloride by mandelio acid in media of thorium 
phosphate and thorium molybdate sols gels (Part II of the senes) where they have 
found equal rate of reaction in both sol and gel states of thonum phosphate and 
thorium molybdate as media 

This discrepancy may be explained by the observations made by the authors 
that the number of colloidal zinc oxide partioles diminishes with the addition of 
coagulating agent, e g , K 2 S0 4 with the consequent diminution in the rate of reaotion 
Tho particles of zinc oxide become bigger with additions of coagulating agent with 
the result that the specific reaction surface becomes reduced The following table 
will dearly show that the approximate number of particles observed by means of 
an ultramicroscope with a very narrow slit opening is much smaller in the gel phase 
than m the sol phase, the concentration of colloidal zino oxide being the same 

1'abuc XIU 

Concentration of Colloidal Zinc Oxide =» 6 1 x 10-*M 
„ Aluminium hydroxide = 47 6 X 10 - *M 

,, Glycerine = 8 Ox 10-®M 

[K t SO*] — 0 OM * 3 2 X 10 - 

n — 30 6 

where » = approximate no of partioles instantaneously visible in an ultramicroscope 
with a very small sht opening 
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PHOTOCHEMICAL STUDIES IN SOLS AND GELS PART II 
The reduction of Ferric Chloride by Mandklio Acid in light of 

DIFFERENT FREQUENCIES IN MEDIA OF THIXOTROPIC THORIUM PHOSPHATE 

and Thorium Molybdate Sols and Gels 

By Sir J C Ghosh, Kt , D Sc , F N I , S K Bhattaoharyya, D Sc and 
R Banerjbe, B Sc , Department of Pure and Applied Chemistry, 

Indian Institute of Science , Bangalore 

( Received August 10, read August 30, 1946 ) 

In the present investigation we have used thixotropio thorium phosphate and 
thorium molybdate sols and gels as solvent media as they are transparent and 
perfectly oolourless and have studied a very simple reaction— the photoreduction 
of feme chloride by mandebo acid in light of wavelengths 366 and 436pp Tfie 
kinetics of this reaction were studied, in details, m the aqueous phase by a number 
of workers, notably by Eder, Jodrn, Lemoine, Ross, Wintber and Oxolt-Howe, 
Komfeld and Mencke, Ghosh and Purakayastha, Purakayastha, Allmand and 
Young, Komfeld, Talpade and Bavdekar 

In aqueous phase and with mandebo acid as a reductant, Ghosh and Pura- 
kayastha (loc cit ) have shown that (i) the reaction is zero-moleoul&r with respect 
to feme ohlonde, (u) the zero-molecular velocity constant increases with increasing 

concentration of the reduotant and in fact, plotted against 

gives a straight line, (ui) the velocity constant is directly proportional to the in- 
tensity of absorbed radiation, (iv) the volooity constant vanes very slightly with 
increasing concentration of hydrochloric acid, (v) the quantum efficiency was 
found to be 1 06, 1 18 and 1 36 in wavelengths 488, 448 and 390p/i respectively 
The reaction has boon studied in media of (1) thorium phosphate and thorium 
molybdate sols, (2) thorium phosphate and thorium molybdate gels, and (3) water, 
and a comparative study of the photoprocess has been made under these conditions 
The reaction may be expressed by the equation, 

2FeCl 8 +C 8 H 6 CH(OH)COOH = 2FeCl 2 +2HCl+C0 2 +C e H 5 CH0 

Section A — deals with the photoreduotion of ferrio chloride by mandebo acid in 
unpolansed light of wavelengths 366 and 436pp 
Section B — deals with the photoreduotion of femo ohlonde by mandebo acid m 
polarised bght of wavelength 430pp 

Experimental 

The experimental arrangement was the same as was desenbed by the authors 
in Part I of this senes with the following alteration — ■ » 

(a) The reaction oell was 4 cm X 4 cm x 1 cm thick and made of plane glass 

plates fused into one another with a stopper at the top for measure- 
ments in unpolansed bght 

(b) For measurements in polarised bght, a oircular corex glass oell of 1 om 

thickness and 2 5 o o capacity was used 

Reagents 

Kahlbaum’s extra-pure femo ohlonde, Merck’s extra-pure mandebo acid, thonum 
nitrate, potassium phosphate (KHjPOJ, potassium iodide, hydroohlono aoid and 
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sodium thiosulphate and sodium molybdate supplied by B D H were used For 
making solutions bi-distilled water was used 

Preparation of thorium phosphate sol and gel 

Thorium phosphate sol and gel were prepared aooording to the method of 
Prakash and Dhar by mixing 0 25 o o of a solution of potassium phosphate (22 0%) 
with 5 o o of a solution of thorium mtrato (48 14 g /lifcro), makmg the total volume in 
all eases to 6 o e The mixture on shaking for 3 minutes and allowing to stand for 
5 minutes gave a transparent, colourless and viscous sol which set to a firm gel after 
4 hours 

Preparation of thorium molybdate sol and gel 

Thorium molybdate sol and gel were prepared according to the method of 
Prakash and Dhar (Zoc cit ) modified to some extent by Mata Prasad etal 5c c ofa 
solution of thorium nitrate (48 14 g /litre) were taken in one test tube and in another 
test tube were taken 1 5 o o of a solution of sodium molybdate (3%), 1 6 c o water 
and 2 o c of HOI (0 IN) The solution contained m one test tube was poured into 
the other when a white precipitate was formed, which on shaking for 5 minutes, 
dissolved giving a transparent and colourless sol, which set to a firm gel after about 
1 hour 

To study the reaction in the gel phase, the reactants were mixed m tho corres- 
pond mg sol and allowed to stand in the dark until the reaction mixture set to a firm 
and transparent gel The Bet reaction mixture was then exposed to monochromatic 
light 

To study tho reaction in the sol phase, the rea< tants were mixed m the cor- 
responding sol and exposed just after mixing to monochromatic light The reaction 
was stopped within 60 minutes during which the sol did not sot to a gel In order 
to prevent the hydrolysis of ferric chloride, a oertarn amount of hydrochloric aoid 
was added to tho solution of ferric ohlonde When the reaction mixtures were 
made m thorium molybdate sol or gel, a large number of air bubbles were always 
found entrapped in the viscous liquid Since these bubbles did not disappear 
spontaneously, they were removed before pipetting, by the application of vacuum 
A clear reaction mixture was then obtained 

Measurement of the velocity of reaction 

Thorium phosphate as well as thorium molybdate gels, though thixotropic, 
liquefy to a very viscous liquid on shaking vigorously and so it was found very 
difficult to pipette out the exposed reaction mixture at definite intervals For this 
reason 2 c c of the reaction mixture were exposed in the reaction cell each time and 
the whole amount was taken out m a stoppered oonioal flask after a definite period 
and the feme ohlonde was estimated lodometnoally by titration, m an atmosphere 
of C0 2 , with standard thiosulphate solution by means of a micro-burette. Tbe 
initial concentration of femo ohlonde was determined .in tbe same way 

The pH of the reaction mixture was determined jjotentiometnoally by using 
glass electrode The pH of different mixturos were kept constant by required 
quantities of HC1 or KOH Tbe pH of tbe reaction mixture was vaned by adding 


Measurement of intensity 

The intensity of radiation absorbed by tbe reaotion mixture was measured in 
the same way as was descnbed in Part I of the series fThe intensity of absorbed 
radiation was measured by noting tbe deflections when tbe light passed through 
(a) pure solvent, t e water or pure sol or pure gel, and (6) the reaction mixture 
The difference in deflections in the two oases gave the intensity of radiation 
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absorbed by the reaction mixture It 18 to be pointed out here that thomim 
phosphate and thorium molybdate sols and gels have got no absorption in 366 01 
436pp There is no difference in tho absorption of the sol before and after 
gelation 

It was found that the intense yellow colour produced by mix mg mandeho acid 
with feme (hlonde solution in water became pale yellow in media of thorium 
phosphate as well as thorium molybdate sols and gels Tho extinction coefficients 
of femo chloride were measured in different media by means of intensity measure 
ments, keeping the concentration of mandeho acid greater than that of feme chloride 

and the ratio constant The extinction coefficients at different 

(JJeLla) 

wavelengths and m different media were found in the following way the deflet tions 
in the galvanometer were noted, first of all, -with tho solvent alone and secondly 
with femo chloride and mandobc acid mixtures of known concentrations The 
molecular extinction coefficients of femo chlondo were then calculated according 
to the equation, 



where « = molecular extinction coefficient, 

c = concentration of ferno ohlonde in gm mol per litre, 
d = thickness of tho reaction cell in om , 

and I 0 , I t are tho incident and transmitted radiitionp measured The extinction 
coefficients of femo chloride were also measured m presence of varying quantities 
of thorium nitrate Tho results are tabulated m tables 1 and II 

Tabw I 


(A) phase « 

300 Aqueous 1029 0 

„ Thorium phosphate sol 106 2 

,, Thorium phosphate gel 106 2 

,, Thorium molybdate sol 217 6 

„ Thorium molybdate gel 217 6 

430 Aqueous 610 3 

„ Thorium phospliato sol 47 0 

„ Thorium phosphnte gel 40 2 

,, Thorium molybdate sol 52 1 

,, Thi riuin molybdate gol 52 1 


Tabm. II 
X -= 366/t/i 

Concentration of feme chloride =» 1 94 x 10-*M 
„ mondelio acid — 2 24xlO-*M 

(Thorium nitrate) 10* 0 2 3 6 9 13 8 20 3 33 2 

« 1629 0 1173 0 739-0 606 7 4J8 5 366 1 

From table 11 we can see that even a small amount of thorium nitrate lowers 
the extinction coefficient to a great extent 

The reactions which do not take place in the dark were earned out at 26°C 
The experimental data, are reoorded m tables III to XV The reaotion was found 
to be zero-molecular with respect to femo chloride In the given tables, m media 

of thorium phosphate sol and gel, —j *= zero-moleoular velocity constant *= changes 
in oonoentration of feme, ohlonde m 2 o o of reaction mixture per minute m terms 
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of o o of 0 0029N thiosulphate and in ’media of thorium molybdate aol and gel, 
= changes m concentration of femo chloride in 2 o o of reaction mixture per 
minute m terms of c o of 0 001 7N thiosulphate 

In the tablfee, 6 = temperature, I a bg =» number of quanta absorbed per o c. 
per seo a — Initial concentration of fomo ohloride in gm mol per litre and 
b = Initial concentration of mandelic acid m gm mol per litre, y = Quantum 
efficiency 


Section A 

Determination of the order of the reaction 

Tabus III 

= 26“C , o = 623xlO-*M, ft - 7 4xl0-*M, 


. PH - 


1 74 


Timo 


±2 1C* 


(I) o 
(II) 00 
(111) 120* 


4 30 
3 84 
3 30 


7 60 from (U) and (III) 
7 60 (mean) 


Tabus IV 

Mad nun = Thorium molybdate gel A — 360m, 6 = 26% , a = 6 1 x 10-*M, 6 = 
Jabt = 1070X10'* pH - 1 42 
0 0017N— 
thio for 2 c c 
reaction 
mixture 


Time 


— 10'* 


(I) 0 

(II) 30 

(in) oo 

(IV) 90 


7 30 
7 02 
0 76 

0 47 0 3 from (IU) and (IV) 


Effect of varying the concentration of ferric chloride 
Table V 


Medium — Thorium phosphate gel, 9 -= 26°C pH = 1 74, Thiosulphate 0 0029N 


A 

(W) 

olO* 

(mol ) 

b 10* 
(mol ) 

lab, 10-M 

>|> 

1 

ff I0'*/Io6« 

r 

860 

9 33 

74 

128 6 

62 

40 

0 06 


6 22 


120 9 

47 

39 

0 00 


3 11 


76 3 

30 

39 

0 06 

436 

12 44 

74 

38S8 

00 

23 

0 03 


933 


355 0 

84 

24 

0 04 


0 22 


300 7 

70 

26 

004 


3 11 

.. 

200 2 

40 

22 

0 03 



- Thorium molybdate gel. * ~ 26’C . pH - 1 42. Th.oeulpl.ate - 0 0017N 


Effect of varying the concentration of mandehc acid 


7 } plio#i|»luite gel, 8 — 25°C , pH — 1 7 


IX ~ Tl.om.rn molybdate gel, S - 26°C , pH - 1 42, Thiosulphate - 0 0017N 
\ a 10* ft 10* I abs 10-1* ~ 10* -Af 1 ,tU Mabi y 


Effect of varying the intensity of absorbed radiation 


Medium - Thonum phosphate gel. 9 - 25°0 . pH - 1 74, Thiosulphate - 0 0029N 

x a 10* ft 10* lot, 10-1* AS 10* AS 10 1 

(uu) (mol ) (mol ) At 


300 7 
186 1 
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Medium - Thorium molvhdnte gel, 9 = 


5°C , pi I 1 42, Thiosulphate = 0 0017N 
6,10-1* KH ^ 101 *// o6 , , 


Effect of varying pH 


Thorium phosphate gel, 9 = 26°C , Thiosulphate — 0 0029H 


Medium = Thorium molybilato ( 


, 9 25°C , Thiosulphate - 0 0017N 


Effect of the nature of medium. 


- 25°C , pH - 1 74, a 10* = 0 22M, 6 10* =» 7 4M, Thiosulphato 0 0029N 


306 Aqueous 

, Thorium phosphate sol 

„ Thorium phosphate gel 

436 Aqueous 

„ Thorium phosphate sol 

„ Thorium phosphate gel 


10* |f Id Vlabe y 
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Tabi.r XIV 



e ■= 

WC , pH = 1 42, a 10» = 

6 1M, Thiosulphate - 0 0017N 


A 

W) 

6 10* 
(mol ) 

Medium 

I aba 10- 1 * 


»0 

r 

366 

37 

Aqueous 

142 6 

16 2 

10 7 

0 09 



Thorium molybdate sol 

100 0 


80 

0 07 



Thorium molybdate gel 

100 0 

80 

80 

0 07 

436 

7 4 

Aqueous 

394 6 

29 0 

7 3 

0 0|) 



Thorium molylnlate sol 

336 0 

24 0 

7 2 

0 00 


„ 

Thorium molybdate gol 

336 0 

24 0 

7 2 

0-00 


Section B 

Ghosh and his collaborators have made an extensive study of a large number 
of chemical reac tions on the surface of certain inorganic mn ro-heterogeneous photo- 
oatalysts under the influence of light in various states of polarisation In their 
experiments, they have observed in certain cases a differential reaction velocity with 
ci- and 1- circularly polarised light of equal amplitudes 

It appeared interesting to investigate the effect on the photoredui tion of femo 
ohlonde by mandelic acid in thixotropio thorium molybdate gel as a solvent medium 

Experimental 

The apparatus and the experimental procedure were the same as in Section A 
with the following alterations — 

The polarising apparatus was placed between the ultraviolet filter and the 
reaotion cell The polansmg appaiatus consists of a nicol pnsm and a glass Rhomb 
Tor plane polarised light, the mcol prism was used and for the circularly polarised 
light, the niool prism and the Rhomb were used in conjunction The des< nption 
and working principle of the polansmg apparatus have been discussed by Ghosb, 
Banerjee and Mukherjee 

The experimental results are recorded in table XV 


Tajua XV 


A = 436pp. $ 26°0 , a 10* =- 

6 1M, 6 10* - 7 4M, pH - 1 42 


Nature of light 

J abs 10-' » 10> 


Unpolansed 

Plane polarised — 

334 0 24 0 

7 2 

(a) Axis of vibration — vertical 

27 9 2 0 

7 2 

(6) Axis of vibration — honzontal 

27 9 2 1 

7 6 

Circularly polarised — 



(a) d -circularly 

21-0 15 

210 15 

7 1 

(6) 1 circularly 

7 1 


Discussion. 

The reaotion has the following simil ar characteristics in both thorium phosphate 
and thorium molybdate gels as solvent media — 

(1 ) The reaction is zero-molecular with respect to femo ohlonde 

(2) The zero-moleoular velocity oonstant increases with increasing concen- 

tration of jnandelic acid, the intensity of absorbed radiation being also 
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ui( reused In fact, — ? 10 1B ll a bs increases shghtly with increasing 
A t 

com entration of mandelic acid 

(3) The veloc lty constant increases with increasing concentration of ferric 

chloride In fact, — 10 18 ll a bs remains always constant. 

(4) The velocity constant is directly proportional to the intensity of absorbed 

radiation In fact, — 10 l8 /^aiw remains always constant for a 

particular wavelength but mcrcases with increase in the magnitude 

of the quanta absorbed 

(5) The veloc lty < onstant is prat tically independent of pH 

(bj The rate of reaction remains the same m modia of both sol and gel but 

it is greater in aqueous media In thorium phosphate sol and gel as 

media, -- 10 iS /Iabt remains the Bame but in water it is much 
A t 

greater In thorium molybdate sol and gel as media, 10 18 /I a ^ g 

has got the same value as in aqueous medium 

(7) The velocity constant remains the same in polarised light bavmg axes 

of vibration vortical as well as horizontal 

(8) The velocity constant remains the same in both d and 1- oiroularly 

polarised light of equal amplitudes 

(9) The quantum efficiency is much less than unity 

On the observations made by Kistlor that the dielectric constants of thixotropic 
sols remain the same before and after gelation and also on the observations made by 
Hey man that there is no change in volume of transparent thixotropio sols aftor 
gelation so that the average distance between the constituent partioles does not alter, 
we oan explam the reason for the same rate of reaction in media of thixotropic sol, 
before and after gelation, by assuming that the activated femo ion deactivates to tbe 
same extent m media of both sol and gel 

The same rate of reaction m media of thixotropic sol, before and after gelation, 
means that the reaction can proceed equally fast whether the water of the medium 
is free or bound 

The quicker reaction m water may be due to a complex formation between 
mandebo aoid and femo chloride as is evidenced by tho deep yellow oolour of tbe 
mixture 
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A THEOREM IN ANALYTIC NUMBER THEORY 

By S CHOWliA, Govt College, Lahore 

(Communicated by Sir 8 S Bhatnagar, F R 8 ) 

(Received November 8 , read November 22, 1946 ) 

§ 1 Let p denote a prune such that p‘is a. factor of n, while p t+1 is not , we 
then say that ‘n contains the prime p to the power <’ Using a recent theorem 
of Selberg (Skr Norshe Vvd Alcad , Oslo, I, No 5, 49 pp , 1942) I have proved the 
Theorem 1 Let k and r be given positive integers Then ‘almost all’ positive 
integers contain at least r different primes m — 1 ( mod k), each to an odd 
power 

From this and well-known congruence properties of Ramanujan’s funotion t(w) 
we derive, without difficulty, 

Theorem 2 Let 0 U 0 it , 9 t be arbitrary positive integers, then the congruence 
r(») » 0 (mod 2*> 3*» 5*» 7*° 23*° 691*°) 
is true for almost all n 

In Theorems 1 and 2, the words ‘almost all’ carry the usual sense in the 
analytio theory of numbers The proof of Theorem 1 is based on tho oase r = 1, 
which is well-known (see Hardy’s Ramanujan, Cambridge, 1940, p 168) In the 
general oase I have not been able to accomplish the proof without using the rather 
difficult results of Selberg 

This note oontains the proof for the oase r = >2 Let a(x) denote the number 
of positive integers n not exceeding x, suoh that every prime factor of » which 
IB ■ — 1 (mod fe) is contained in n to an even power Then we have (Hardy’s 
Ramanujan, p 168) 

a) 

where 0 < o< 1 and c ™ c(k) 

It is easy to see that the sum 

where p is subject to (3) and (4) below 

(3) p prime, p£x 

(4) p m — 1 (mod k) 

represents the number of numbers n not exceeding x and suoh that » oontains 
exactly one prime factor » — 1 (mod h) to an odd power [suoh n, may, naturally, 
oontain any number of primes ■ — 1 (mod k) to an even power]. 

We split S(x) into 2 parte, thus 

(«) fl(*)-Si(*) + «S,(*) 
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Here 

(«) 

where p is subject to 


s ><*>- 2 "(f) 

p prime, p m —1 (mod k) 

p prime, p a — 1 (mod k) 

jrr.****- 

We now estimate Si(x) From (1) we have 

Si(x) 


and 

(7) 

where p is subject to 


where p runs through primes Henoe 
(8) 8 x (x) = Oi 


aoe 

Y ^togiog ^X 0(g) 
\ log 2 (*) / 


Again using the crude inequality o(x) ^ * to estimate 8 t (x) we get • 

(9) S,<»)=0( J |) 


s_ i7Bo 

and p runs through primes m (9) 

To estimate (9) we use the classical result (in Prime Number Theory) 

HD 2 p “ 108 108 * +s+ °(u5^) 

p£x 

where p runs through primes From (10) and (11) we get 

y<p^x 

“- ,og (' - vT^) + °(i^) 


( 12 ) 
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From (0) and (12) we get 

1131 w -°(vfc) 

From (5), (8), (13) we have finally 
(14) S(x) = O(x) 

From tho definition of S(x) it now follows that almost all positive integers 
Kg* have the property that n contains at least tux> prime factors m — 1 (mod k) 
to an odd power 

Reference 

Walfoz, A (191R) ‘Zur additiven Zahlcntheone ' Travaux de L'lmUlut Mathtmat^ws de 
Tbihaai, 5, 146-152 




ON NUMBERS WHICH CAN BE EXPRESSED AS A SUM OF 
TWO SQUARES 

By R P Bambah and 8 Chowla 

(Communicated by Sir S S Bhatnagar, F R 8 ) 

(Received November 8 , read November 22, 1946 ) 

§1 Denote by &i ( = 1), b 2 , b t , b t , the numbers, arranged m ascending 
order of magnitude, which can be expressed as a sum of two squares (of integers) 
It is known that (Landau 1) 

V , 

where C is a positive constant In connection with the theory of lattioe points in a 
oirole it is known that 

2 1 = ir* + P(x) 


u, v 



whero 

(1) P(x) - 0(#) ; 

and it has been conjectured that, for every positive «, 

< 2 ) P(x) = 0(x l + *) 

We are conoemed in this paper with the problem of the magnitude of the 
difference 6, + 1 — b n More precisely we wish to seek a funotion f(x) suoh that 
between 

x and x + f(x) 

there is at least one number expressible as a sum of 2 squares for all large x 
From (1) it follows at onoe that 

f(x) - 0(z &) , 

if (2) is true we would get 

/(*) - 0(x i+t ) 

for every positive i 

We prove in this paper by a simple argument that (see the more preoise result 
at the end of §2) 

( 3 ) /(*) - 0 (* 4 ). 
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It has been conjectured that if (a, b) = 1 there is (see Chowla 2) at least one 
prime at a (mod b) between x and x+x* when x>%o = Xq («, a, b ) If this is true 
then taking a — 1, b = 4, it would follow that 

/(*) =* a* 

for any fixed positive « This shows that (3) is still very far from the probable 
truth It would also be of interest to know whether (3) oan be improved by 
elementary arguments 

We have to acknowledge here that the results (3) was found some years ago* 
by Dr T Vijayaraghavan by an argument not quite as simple as the one we give 
This paper has its roots in this letter of Dr Vijayaraghavan 
§2. In this section all letters denote positive real numbers 
Let « be an arbitrary positive number and x> x 0 («) Let [g\ denote the 
greatest integer contained in g Write 

(4) t - IV*] ~ 

where 


(«) 

OgfiCl 

Let (here x u x s are not necessarily integers) 


Xi*+P = X 


xj+t* = *+2\/2+* 

Then 

xf-x,* = 2^/2+i x i 

(0) 

_ _ V5T* J 

X t -Xi == v — 

now 

= \/x—F = Vx-Uz-d)* 


- J 2 e^x-fi<J2^/x 

similarly for * > a^(«) 

" *J X + 2 (V 2+«) x^-Wx^d)* 


s J 2+ w’ > - 

Henoe, for *>a^(«), 


(7) 

*•+*■< 2 7 2+ e'* 

Prom (6) and (7), 

IS T>, 

*■-*>> /j+A 

V 10 

Henoe there exists an integer x s between xi and x t 


* In a letter addressed to one of ui (8 C ), but unfortunately mislaid 
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Hence 

**+*!*< t*+X i *<P+Z i * 

so that 

x<< 8 +x 3 *<a:+2-v/'2+« a* 

(where t and x s are integers). Thus we have the 

Theorem Le i * denote an arbitrary positive number Then there exists between x 
and x+2\/2 +« 3* an integer which can be expressed as a sum of two squares (of 
integers) for all x> 

§3 References 

Ohowla, S (1936) ‘On the representation of a large number as a sum of light almost equal 
cubes ’ Quart Joum of Maths (Oxford), 6, 146-148 
Landau (Handbuch) , Band 2 
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Intboductory and Histobioal 

Collections from ooarse sand near low water level of the Madras beach revealed 
the abundant occurrence therein of a Piaiomd which proved to be an undesonbed 
species Two other Pisiomds, Ptsxontdens tndtca (Aiyar and Ahkunhi, 1940, 1943) 
and Praegerta gopalai (Alikunhi, 1941) have been previously recorded from the 
same area 

Hartman (1939) dealing with the family Pisiomdae, considers that since the 
type of the genus Praegerta — P remota Southern — resembles the type of the genus 
Ptstone — P oerstedi Grube — the retention of the genus Praegerta is unnecessary 
Praegerta remota Southern becomes only a vahd speoies of Ptstone — P remota 
(Southern) Hartman further finds that Ptstone german tea described by Augener 
(1924) from the North Sea is identical with Ptstone remota (Southern) from Ireland 
Augener (Joe at ) has already shown that Ptstone contracta Ehlers, from Peru, is 
identical with P oerstedt Grube Hartman therefore concludes that ‘two vahd 
species are known to ooour, Ptstone oerstedt Grube from Peru, Ceylon and New 
Zealand, and Ptstone remota (Southern) from Ireland and the North Sea’ To this 
he adds a new genus PtstoneUa which differs from Ptstone in the possession of a 
median oirriform antenna at the anterior margin of the prostomium, three pairs of 
oimform oirn, and the longitudinal series of spmelets on the setae tips and m the 
absenoe of the acicular setae from the buccal segment Aiyar and Ahkunhi (1940) 
created a third genus for an entirely different form under the name PtstoneUa, but 
owing to Hartman’s genus having priority, have since changed it to Ptstontdens 
(Aiyar and Alikunhi, 1943). 

Hartman’s paper was not accessible to me when my account of Praegerta gopalat 
was published in 1941 Sinoe then I have had ocoasion to go through his paper 
and I am now convinced that it is unnecessary to retain the genus Praegerta P 
gopalai thus becomes Ptstone gopalat (Ahkunhi), and it forms the third valid species 

1 Thesis, in port, aooopted for the Degree, Master of Science, of the University of Madras 
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of the genus The present form also belongs to the genus Ptstorn and it possesses 
all the peculiar features characterising the family Ptaionidae as illustrated m the 
acoounts of Pmomdens indtca and Ptstone gopalai However, it shows a number of 
features peculiar to itself and in the following pages 1 propose, to describe it as a 
new species under the name Pmone complexa 

External Characters 

The worms are comparatively large and measure about 10 to 25 mm in length 
in tho mature condition The number of segments varies from 70 to 100 or even 



a 


Text iio 1 Pmone complexa, sp nov 

(a) Anterior end of the worm showing tho cephalic appondagoa , body slightly 

contracted, drawn from specimen in spirit X 120 

(b) Posterior end of the worm , from hfe x200 

one , anal cirrus, br , brain, be , buccal spme, do bp , dorsal cirrus of bucoal parapodnun, 
pa , palp, vc , ventral cirrus, vc bp , ventral cirrus of buccal para podium 
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more The oephalio appendages are similar to those of P gopalax The ventral 
cirri of the first pair of parapodia are only slightly elongated (Fig la) The buocal 
spines are devoid of any serrations at the tip and are shorter than those ofP remote 
A pair of eyes are present attached to the brain Parapodia are comparatively 
smaller than those of P gopalax The setigorous lobe is bifid at the tip where there 
are two papillae, the larger one of which becomes broader and foliaoeous towards the 
posterior region The setigerous support is identical with the same in P gopalax 
and consists of two acicula and fivo setae in eaoh loot, excepting m the first and 
the last four or five, m each of which there are only four setae The body tapers 
considerably towards the posterior extremity The anal segment is quite simple 
and resembles that of P remote (Fig 16) It is a button-shaped structure to the 
posterior extremity of which is attaohed a pair of long anal cirri swollen at the 
base and gradually tapering to the tip At the posterior extremity of the anal 
segment are aggregated a few ooiled hypodermal glands tho secretions of which serve 
for adhesion, like the seoretion from the pygidial glands of P gopalax 

Body-wall 


' Transverse sections are usually ciroular m outline but may be shghtly compressed 
dorso-ventrally (Figs 6 and 8) The epidermal layer w very thm A and the nuclei 
stain lightly The oiroular musole layer is inconspicuous and oan be made out only 



J 

Text-tig 2 Pmont eomplexo, ap nov 


(а) Transverse section of the stomach showing the musculature x 267 

(б) Nerve area — anterior region X400 

(c) Nerve area — stomach region X40(> 

(d) Nerve area — middle region X400 

be , basement tissue, am , oiroular musole, cu , cuticle, ept , epithelium, ge , ganglion cells. 
hg , hypo derm , Ims , longitudinal muscle, otn , oblique muscle, ps , punctated substance, Ire . 
transverse connective , vim , 'ventral longitudinal musole 
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at the aides The longitudinal muscle bands form an almost complete wall to the 
body cavity They are hotter developed than m the other species and in the ventral 
bands the folded edges usually come very near each other, thereby approaching the 
condition in Piaiomdens tndtca (Aiyar and Alikunhi, 1940) ->Xhe nerve area is 
located between the folded inner odges of the ventral longitudinal muscle bands 
(Fig 2b -d) The coelomio membrane lining the body oavity is extremely thm 
Epidermal glands are mostly confined to the sides of the body 

Coolomio corpuscles, oval, oiroular or disc-like, float freely in the coelomio fluid 
m the anterior segments 


Alimentary Canal 

The various regions of the alimentary canal are similar to thosfb described in 
P gopalat, except for some minor differences snoh as the groater development, 
generally, of the musoulature, and especially the presence of a layer of circular 
muscles internal to the longitudinal muscles of the stomach and intestine, and the 
larger size of the cells constituting the inner epithelium of the stomach (Fig 2a) 


Nervous System 

The posterior lobes of the brain are short and extend only into the anterior 
part of the third setigerous segment (Fig la) The anteriorly directed dorsal oirri 
of the buccal parapodia are supplied by a pair of slender nerves which an so from 
the anterior part of the oesophageal commissures The origin of these nerves from 
the oesophageal commissures is evidoaoe that these structures are modified parapodial 
cirri The commissures fuse together m the second setigerous segment, to form tho 
ventral nerve cord In the anterior segments the two cords stand rather apart 
and at tho ganghomo swellings there are distxnot connectives m between (Fig 26) 
In tho front region tho ventral longitudinal muscles being poorly developed, the 
nerve area is very broad. In these segments a part of the ganghomo swelling lies 
on the inner aspect of the musolo band, on each side (Fig 26) Externally to the 
nerve cord occur the basement tissue, the thm hypoderm and tho cuticle It is 
difficult to make out the oiroular muscles in this area The oblique muscles are 
powerfully developed and are inserted into tho basement tissue below tho nerve 
cords At the level of the stomach the nerve cords come closor together and the 
punctated substance in each half assumes a semi-circular outline (Fig 2c) Tho 
ventral longitudinal muscles are better developed here and m oonsequcnce the 
nerve area is deeper and narrower than in front This condition is maintained 
in the hinder regions of the body also 

The nerve cord has lost the primitive condition of being in contact with the 
hypoderm In the abBenoe of the circular muscle coat m the nerve area P cotnplexa 
resembles the Glycendao (Olymra capxtata) whorein ‘the great external circular 
muscular layer ceases before reaching the nerve area, so that externally the latter 
has only the hypoderm and the specially developed outiole’ (McIntosh, 1877) But 
m 0 capttala the ventral longitudinal muscles form an arch over the norves, thereby 
differing from the condition in P complexa 

As in P gopalat, the nature of the ganghomo swelling in the ventral nerve chain 
is peculiar Examined in the living eondition, under the microsoope, each segment 
shows a big ganghomo enlargement, the major part of which lying in the segment to 
which it belongs, while a small part extends into the segment m front This is 
oloarly seen m whole mounts (Fig 3a) A pair of podial nerves arise from the main 
portion of the ganghomo swelling and each of these enlarges into a prominent ganglion 
situated at the base of the parapodial lobe and then proceeds further into the latter 
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A second pair of very slender nerves originate from the anterior portion of the ventral 
ganglia and innervate the muscles of the body- wall 



Tbit no 8 Puwne eompltsca, Bp nor 

(а) Diagrammatic roprodentation of four segments of tho worm, from a whole 

mount stained in Dolaflold’u haomotoxylm, showing the ventral ganglia and 
their disposition 

(б) Transverse section of the nophrnliftl swelling x 1200 

(e) Longitudinal section of the nephridiol swolling and solenocytoB X 1200 
(d) Reconstructed diagram of a solenocyte 

cti , ci hum, it , flagellum, g , ganglion, xgr , mtcrgangliomo region , ntd , nephridial duct, 
ne l .'nephridial lumen, nm , nerve to muscle, n» , nephridial swelling, nu , nucleus, pg , para- 
podial ganglion, pn , parapodial nervo, tol , solenocyte 


Excretory System 

Exoretory organs in the form of paired nepbridia are present in all the segments 
exoeptmg the anterior five The nephndium ends internally in the form of a 
swelling projecting into the body cavity from the posterior oomer of the Bogment 
In general structure it shows dose resemblanoe to that of P gopalax The first two 
or three pairs of nephridia are larger with a larger number of solenocytes The 
nephridial swelling has a spacious cavity whiob is richly oihated and is almost oircular 
m cross-section (Fig 3 b) The cells forming the nephridial swelling are large, 
though their boundaries cannot be dearly made out The nuclei stain but lightly 
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The solenoc vtes are situated on the anterior faoe of the nephndial swelling and have a 
crowded appearance (Fig 3c) Eaoh solenocyte has a broad base and tapers gradually 
to the tip There is no distinction into a cell-body and a flagellum-carrying tube 
(Fig 3d) There is a narrow lumen and a long flagellum, attached to the wall at the 
distal extremity, works rapidly down the lumen The nucleus is elongated and 
has a baso-lateral position (Fig 3c) The nephridial duct at its commencement 
describes one or rarely two spirals before piercing the septum to open at the base 
of the ventral cirrus 

Nothing is known of the nophndia of Ptstone oeratedx and PtstoneUa hancoch 
In Pisiomdons whoa and Pistone gopalax the nephndial system has been shown to 
be very much like that described by Goodnoh (1900) for a number of phyllodocids 
In Pistone remota (Southern) which also oocur in the Madras beach — an acoount of 
the nephridia and the reproductive organs of which will form the subject matter of 
a separate communication — the nephridia are similar to those in other pisiomds 
As the foregoing account shows, m Pistone complexa also there is that phyllodocid 
type of nephndium There is the same nephndial swelling from whioh solonocytos 
arise Only the solonocyteR lack a flagellum-carrying tube distinot from the cell- 
body — a condition which is mentioned for the first time It will thus be seen that the 
affinities of the Pisiomdae are altogether with the Phyllodooids, Nephthyds and the 
Glydends, in tho structure of their excretory organs 

The nephridia undergo modifications m the genital segments and these will be 
desonbed in dotail along with tho reproductive organs 

Reproductive System 
Male 

Testis 

The males are usually smaller than tho females The reproductive organs are 
highly localised and are invariably found to be developed after the 30th segment 
In the mature male the testes are developed in a varying number of separate segments 
The smallest mature specimen examined was one with 38 setigerous segments and 
this had a single pair of testes situated in the 32nd segment In a specimen with 
65 setigerous segments testes were developed m segments 32 and 44, while another, 
18 mm long and with 98 segments, had 8 pairs of testes occurring m segments 32, 
44, 66, 61, 71 and 77 respectively In yet another with 100 setigerous segments 
only four pairs of testes were developed and these occurred in segments 35, 38, 68 
and 82 respectively The arrangement therefore is not regular 

Tho worms probably mature when they develop about 38 to 40 segments and 
then there is only a single pair of testes, situated in one of the posterior segments 
Growth in length continues by the addition of fresh segments at the posterior end 
and along with this at varying intervals fresh testes groups are also developed 
This, therefore, accounts for tho oocurrenoe of individuals with varying number of 
testes, sperm-sacs and oopulatory organs m various Btages of development The 
maximum number of testes developed depends upon the length of the worm, but of 
the numerous specimens examined none has been found to possess more than six 
pairs of testes 

Each testis is invariably confined to a single segment which always precedes 
the one carrying the sperm-sacs (Fig 4) It originates as paired oell proliferations 
attachod to tho septum and has a thin outer limiting membrane, which is clearly 
visible in transverse sections In the later stages of maturity the testis becomes 
smaller and less conspicuous owing to the liberation of sperms 

Sperm -sacs 

Each testis is Invariably followed in the next segment by a pair of sperm-sacs 
which become associated with a pair of oopulatory organs (Fig 4) The nephridia 
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in the testis- bearing segments are inconspicuous and a pair of genital funnels of 
about 4 to 5 times the size of the unmodified nephridial swelling becomes associated 



That no 4 Pinone compltxa, sp nov 

Genital segments of a mature male showing the distribution of the reproductive 
organs X 200 


cop , copulatory process, dc , dorsal cirrus, d »p » , duot of sperm sac, tp , sperm, op f , 
sperm sac , ( , testis 

with them When fully formed these funnels are situated dose to the body-wall, 
on the dorso-lateral aspect of the reduoed nephridial swelling (Figs 4 and 6) They 
are doep spoon-shaped structures with ciliated margins The solenooytes of the 
nephndia of these segments get shorter and m conspicuous and can be distinguished 
under high magnification only by the characteristic downward lashing movement 
of their flagella The nephridial lumen is narrow and the gomtal funnel opens into 
it at the point where it pierces the soptum There is no loop or coiling of the 
nephridial duct before its piercing the septum and in this respect also the nephridia 
of the testis-bearing segments differ from those of other segments Behind the 
septum, the nephridial duct runs down to a short distanoe and then sharply bends 
upwards and forwards to get enlarged into a narrow thin- walled sac (Figs 4 and 6) 
Proceeding further, it narrows and bends sideways and baokwards and running 
almost straight down, enters the copulatory organ It is interesting to note that this 
second descending portion corresponds to the highly spacious, muscular, second 
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dilatation in the sperm-sao of P. gopaku Therefore, m this form even though there 
is a well developed sheath of circular muscles surrounding the hind portion of the 
sperm-sac, the nephndial duct is not distended into a second saccular portion In 
living specimens the surrounding muscles are not very conspicuous The liberated 
sperms are thickly packed inside the saocular portion Tho interior of the sperm sao 
is powerfully ciliated The external duot on entering the oopulatory organ enlarges 
imperceptibly, forms a loop about the middle of its course and is continued to its 
external opening situated at the tip of a papilla (Figs 4 and 6) 

The parapodial nerves are stout and at the outer edge of the ventral longitudinal 
muscles they turn inwards and onlarge into a pair of ganglia whioh oome to bo 
situated close to the ventral wall of the sperm-sacs (Fig 6a) From each of these 
ganglia a stout nerve — corresponding to the nerve to the parapodial lobe — is given 




Text tio 5 P%none complexa, sp nov 

(«) Transverse section of the sperm-sac segment of the male showing the nerves 
arising from the ventral nerve cord going to the sperm-sacs x 640 
(b) Transverse section of the posterior part of the sperm sao segment showing the 
glandular pad on the ventral side x 640 

ai o , alimentary canal, co or ,* proximal part of oopulatory organ, dim , dorsal longitudinal 
muscle, gith, glandular thickening, g *p » , ganglion to sperm-sao, no, nerve cord (Other 
letters as in previous figures ) 
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off which proceeds to the tip of the oopulatory organ along the dorsal aspect of the 
sperm-sac The presence of this nerve throws light on the homology of the 
copulatory organ discussed in a subsequent section 

In the sperm-sac boarmg segment the longitudinal musoles are very mu oh 
reduced The dorsal and ventral bands aro strictly confined to the dorsal and 
ventral sides respectively (Fig 6a) The alimentary canal is pushed dorsad and is 
in the form of a narrow tube The available coolomio space is thereby increased and 
it is mainly occupiod by tho sperm-sacs Towards the hinder part of this segment 
a fairly thiok glandular pad or thickening is formed ventrally (Fig 56) The oells 



Text HO 6 Pmone eompltxa, sp nov 
Magnified drawing of sperm sac and oopulatory organ of one side X A00. 

abc, processes of oopulatory apparatus) oof, aciculum; m* , muscular sheath; tu gf , 
nephndial swelling and genital funnel , tpp , spinous papilla , op , vestigeal papilla (Other letters 
as m previous figures.) 
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forming this thickening have darkly staining nuclei of various shapes It is probable 
that this glandular pad m P complexa serves at least to some extent the funotion of 
the ventral suokers in Pisxontdena \nd\ca and are probably epidermal glands speoially 
developed for purposes of adhesion during copulation 

Copulatory Organa 

The number of copulatory organs vanes from 1 to 6 pairs, or even more 
depending upon the number of pairs of sperm-sacs and testes developed Each 



Text no 7 Pxetone complexa, up nov 


(a) Sperms from the male — -fresh preparation x 1200 

(b) Sperms fabm the male— from a smear stained in DelaReld’s haematoxvhn 

X 1200 

(o) Copulatory organ — early stage x267 
(d) Copulatory organ — later stage x 207 

(«) Transverse goction of the nephndial duct in the genital segment of a developing 
male xl200 

ao, aorosome, te , compound seta, h, head, n , neck, rut gf nephndial swelling and 
rudiment of genital funnel, r pi , reduced parapodmm, fa , tail (Other letters as in previous 

figure* ) 
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oopulatory organ is an elongated, non retractile structure, about twioe the size of the 
normal parapodium In the segment carrying the oopulatory organs the dorsal 
cirrus of the parapodium remains unmodified The main lobe of the parapodium 
has undergone extreme reduction and is represented only by a minute vestigial papilla 
(Fig 0) Its setigerous suppoit consists of only two acicula, compound as well as 
simple setae being absent From the ventral aspect of the base of the vestigial 
papilla representing the parapodial lobe, is given off a broad fohaoious structure 
ending m a curved papilla provided with palpocds (a in Fig 6) As will be shown 
later, this papdla represents a highly modified ventral cirrus, and probably forms 
part of the oopulatory apparatus Such a structure is entirely lackmg in P gopalat 
From the vontral aspect of this papilla arises a finger- like process which divides 
distally into two The ventral one of these processes is elongated and carries at 
its end a minute, retractile, spinous pad just behind the tip (c in Fig 6) This 
spinous structure corresponds to the muscular papilla so conspicuous in tho oopulatory 
organs of P gojxtlat The efferent duct of the sperm-sac runs through the dorsal 
process to open to the outside at the tip of a conical papilla ( b in Fig 6) 

Sperms 

Sperms when liberated pass into the coelomic space of the testis segment They 
do not usually spread into tho neighbouring segments To tho naked eye the testis 
and sperm-sao bearing segments appear white The sperms are non-motile Each 
sperm is slender and elongatod and measures about 40 to 45 microns m length, 
including the flagellum The acrosome is prominent but blunt and measures about 

(Fig 7 a) The nuolear portion is oval in outline, more rofractile than the 
acrosome, and measures about 3 4 microns The neck portion following the head 
is longer, about 5 microns, narrow and tapering to the posterior extremity whence 
commences the long flagellum measuring about 28 to 30 microns 

Higher magnification reveals that at the commencement of the neck there is a 
minute granule, probably representing the centriole 

Development of Spebm-saos and Copulatory Organs 

The formation and differentiation of the adult sperm sacs and oopulatory organs 
have been followed by examining a number of developing male specimens, in various 
stages of maturity Figures 7c to 7e lllustiate some of tho stages In the segment 
that is destined to develop the sperm-sacs m the adult, the parapodium is very 
muoh reduced An unmodified ventral cirrus is absent while the dorsal oirrns remains 
unchanged Two aoicula and ono compound seta support the reduced parapodial 
lobe From the ventral aspect of this lobe arises a conspicuous structure which is 
sub divided mto two, the dorsal one of which, judging from its position, seems to 
correspond to the ventral oirrus of the unmodified parapodium (a m Fig 7c) The 
rudiments of the genital funnels are present in association with tho nophridia, in the 
form of a few large oells Cilia are not yet developed Tho nephridial duct is 
considerably thioker than m other segments and running down almost straight, 
enters the base of the newly formed vontral structure and proceeding forwards opens 
at the tip of the ventral of the two processes mto which it is divided ( b , Fig 7c) 
Testis is developed m tho preceding segment but is small and does not fill the oom 
partment At this stage there is no trace of the sperm-sacs in the segment oarrymg 
the developing oopulatory organs 

In another speoimen, slightly more advanced in development, the setigerous 
lobe m the segment carrying the developing oopulatory organ was smaller and had 
lost the oompound seta which was present m the previous stago The dorsal of the 
two processes — the modified ventral cirrus — mentioned in tho provious stage is 
elongated (a, Fig Id) The ventral process, now very muoh enlarged in size, splits 
into two by developmg*a broad, slightly curved structure ventrally (c, Fig 7 d) 
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The papilla carrying the efferent duct of the nephridium has further elongated 
and is bent at right angles (b, Fig 7 d) The rudiments of the genital funnels aro 
larger and have developed a central lumen with a orown of vibratile cilia This 
lumen has attained communication with tho nephridial duct-at m the fully mature 
specimen Tho nephridial swelling is very much reduced The nephridial duct has 
a straight course m the body and thore are no saccular expansions in its oourse 
Immediately behind the septum the nephridial duct is prominent and broad It 
has a thick wall, the constituent cells being highly protoplasmic The nuclei are 
largo and closelj situated and form an almost complete ring surroundmg the central 
ciliated lumen (Fig 7e) In the rogion behind the duct gradually becomes narrow 
and thm- walled On entering tho copulatory organ it has assumed a similar oourse 
as in the mature specimen Tho tostis in the preceding segment has undergone 
further development and oell division and occupies the major portion of the segmental 
ohamber 

In the next stage the developing oopulatory organ assumes the adult condition 
The nephridial duot behind the septum makes a bend and enlarges into a saccular 
portion as m the adult Behind thm saooular portion a thiok muscular oovering 
is developed around tho nephridial duct The testis is fully developed and a few 
sperms have been liberated into tho body cavity The essential parts of the adult 
sperm sac have now been differentiated, and in the next stage which is tho fully ripe 
condition, more sperms are liberated from the testis and aro carried down tho 
nephridial duct to bo stored in tho sperm-sac It is, therefore, quite clear that tho 
adult sperm sac is formed by the differentiation of tho simple straight nephridial 
duct The latter thus beoomes the sperm-duct and in so functioning as a passage 
for the genital elements to the exterior, has undergone some transformatory changes, 
and in this feature tho Pisionids aro more specialised than most of the polychaetes 

A comparison of the structure of the copulatory organ with that of P gopalai 
is instructive As has been dosenbed, the entire structure in P gopalax is com- 
paratively simple, there being developed only a single papilla, carrying the efferent 
duot of tho sperm sac, besides tho reduced parapodial lobe whioh later gets com- 
pletely suppressed leavmg no traoe behind In the corresponding stage in P complexa 
we get two additional processes making the structure more complicated Agam, a 
compound seta is never present in the reduood parapodium of the segment carrying 
the oopulatory organs m P gopalax, at least when the worm is attaining sexual 
maturity for the first time (see below) 

The structure of the developing oopulatory organ suggests its probable origin 
In the segmont which is destmed to become the genital segment the parapodium 
consists of a dorsal cirrus, a highly reduced mam lobe, and tho developing copulatory 
organ The ventral cirrus has undergone considerable modification Normally, in 
the non-gemtal segments the nephridial opening is situated below the ventral cirrus 
Now, judging from the position of tho developing copulatory apparatus m relation to 
the parapodium, it seems probable that the finger-like process immediately ventral 
to the reduoed main lobe of the parapodium corresponds to the ventral cirrus (a m 
Figs 6, 7c and Id) The body- wall below this modified ventral cirrus, and probably 
partly from its base, undergoes a projection, lengthens out and splits into two 
processes, the dorsal one of which carries to its ond the nephridial duct, while the 
ventral one undergoes further differentiation, beoomes flattened and develops a 
pad of spinous prooesses We must, therefore, regard the copulatory organ proper 
as being formed almost entirely de novo from the side of the body- wall This, together 
with the adjoining higlily modified ventral cirrus may be said to constitute the 
copulatory apparatus 

Female 

The ovaries are confined to the seoond-half of the body and usually 6 to 20 pairs 
of them are developed They are highly localised and definitely paired in origin. 
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Each pair « situated within the oonfines’of a single segment Transverse sections 
reveal the presenoe of an extremely thm membrane covering the ovary In the 
ripe individual the segmental chamber is fully occupied by ova and distinction 
between the right and the loft ovary is lost With the expansion of the ovarian 
mass the great longitudinal muscle bands are extremely reduced The hypodermal 
layer is very muoh attenuated, and the alimentary canal is considerably narrowed 
and pushed very muoh dorsad (Tig 8) 



Transvorso section through tho posterior region of an ova bearing segmint of a i ipe 
female X 640 
gf , genital funnel, o , ovum 


The reduction in tho thickness of musculature and its partial atrophy is a 
common feature in the sexually mature forms of various polj chaetes and such changes 
have boon noted m considerable detail in several families (Fago aud Legendre, 
1927) In tho present case, however, tho musoulatuio only undergoes reduction 
without any actual destruction Fage and Logcndro (loc at ) and Caullcry and 
Mesml (1898) have given detailed accounts of tho modili cations undergone by the 
digestive tube in the genital segments of a number of polychaetos In oertain 
forms in tho sexually ripe individuals tho alimentary canal is so pressed by the 
gonads that the inner sides of tho intestine are applied one against the other, without 
leaving any space in between, with the result that the digestive tube is no longor 
functional and the animal cannot nourish itself during this period In such forms 
as Eulalia punctifera when the segments are relieved of the genital elements the 
alimentary canal assumes its normal cohdition and beoomos functional again But 
there are othore m whioh hystolysw takes plaoo in the contracted region of the 
alimentary canal, which, in consequence, gets djsmtegrated and the animal does 
not survive oviposition Instances in point are met with m oertain Phyllodocids, 
Glyoerids, Cirratulids, eto In P coniplcxa even though the digestive tube in the 
genital segments is greatly attenuated, there is no fusion ot the intestinal walls 
and it is probable that the organ carnos on its usual funotion, at least in a restricted 
sense, throughout the sexual period The worm survives oviposition and resembles 
Eulalia punctifera m that the digestive tube assumes its normal dimensions when the 
genital elements are shed 
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Each ovarian segment ib invariably followed by another m whioh ova are never 
developed but in which a pair of rooeptaoula semuns are situated (Fig 9) The 
ovaries and the receptaoula sominis, in other words, have an alternating arrangement 
In a worm with 60 setigerous segments 8 pairs of ovaries wore developed in segments 
41, 43, 46, 47, 49, 61, 63 and 66 respectively, while in the intervening segments 
were situated the corresponding pairs of receptaoula seminis The number and 
position of the receptaoula semmis, therefore, depend upon the number and position 
of the ovarian groups In this localisation of a certain number of segments for the 
ovaries and an equal number solely for the receptaoula semmis, P complexa differs 
from P remota but olosely resembles Pwumukm ituhca, even though m the latter 
each ovarian group extends through more than one segment 



Text mo 9 Ptsume, complexa, sp nov 

Genital segments of a ripe female showing the arrangement of the various structures 
X200 

o* p , cirri form process , rs , receptaculum semmis 

The parapodia of the segments in which the reoeptacula semmis are situated, 
are unmodified In ripe individuals from the ventral aspeot of the base of the 
p&rapodium of the particular segment, arises an elongated papilla with the nephridio- 
reoeptacular aperture (see below) at its base (Figs 9 and 106) This process is 
larger than either of the parapodial oim It corresponds, in the female, to the 
highly developed oopulatory organ proper of the male Such a structure is absent 
in P gopalo* In Ptstonella Hancock % Hartman (1939) figures suoh a cimform 
structure attached to the ventral basal aspeot of the parapodial lobe 




Tbit ixo 10 Pmone complexa sp nov 
<o) Long tudinal seot on of tl e nepl r d um an 1 the asso ated gmi tel funi el of a 
r pe female x 180J 

(6) Long tudmal (hor tontol) sect on — female — showing the opening of the nephr 
dial duot into the d etel port on of tho reoepteoular du t Note the c rr form 
structure at the base of whioh the duct opens x 600 

(c) Sperms from the reoeptaculum semin s of the female x 1800 
d n duct of reoeptaculum seminis tp expanded portion ns 1 reduced nephr dial swelling 
onri nephr dio reoepteoular opening; rt> refract le bodies 
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A pair of well-developed genital funnels are present m each of the ova-bearing 
segments (Fig 9) These funnels in the fully mature condition are about twice the 
size of those in the males and become closely associated with the nephridia The 
relative position of the nephndium and the genital funnel 18 the same as in the 
male Eaoh funnel is in the form of an inverted spoon with the two edges of it 
projecting beyond above the highly reduced nephndial swelling (Fig 8) In other 
words, the funnel is hood-like with the concavity directed ventrally A transverse 
section passing through the anterior region of the funnel is in the form of an inverted 
V or U, while further behind the gap between the limbs of the U gets dosed up 
by the nephridial swelling (Figs 8 and 10a) The wall of the genital funnel is formed 
of a single layer of large oiliated cells, the nuclei of which stain lightly In the 
nephridial portion the nuolei of the solenocytes take deep stain (Fig 10a and b) 

It may be pointed out that nephridia still function in tho testis and ova-bearing 
segments, though in a reduced condition, and tho ciliated funnol is only grafted on 
to the dorso-lateral aspect of tho nephridial swelling — a condition which generally 
resembles the relationship between corresponding organs in the Phyllodooidae and 
the Glyceridae In this connection the relation between the genital funnel and the 
nephridium in Ptetontdent tndtea may bo recalled m that tho nephridia m the genital 

X ents do not undergo any reduction in size or difference in structure, but that 
a large conspicuous oiliated funnel is grafted on to it for the conduction of the 
genital elements to the exterior — a condition muoh the same as in Phyllodocids 
The reduction in size of the nephridial swelling in the gemtal segments of Ptsume 
gopalai has already been described (Alikunhi, 1941) Tlus reduction in size and the 
highly mconspiouous nature of the protonephridium when associated with the 
gemtal funnel make these composite structures in their fully developed condition, 
superficially resemble the typical nephronuxia of the Hcsiomds, Spiomds, Syllids, 
etc , but the presence of solenocytes functioning at least in a reduoed condition 
along with the gemtal funnel is proof that their real struoture is on the Phyllodooid 
plan 

After piercing the septum tho nephridial duct run-down between the alimentary 
canal and the reoeptaoulum semims At this stage it is wide and powerfully ciliated 
Further down it proceeds along the ventral aspect of the recoptaculum semims 
and gets narrow (Fig 11) The reooptaoulum semims is a closed thin-walled sac, 



Tsxt no 1] Ptptone compUaa, sp nov 
Transverse Motion passing through » pair of receptacula semims x 800. 
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usually containing spermatozoa It is not ciliated internally The oells m its 
wall at the dosed end are extromoly flattened The sac opens to the exterior, as 
already mentioned, at the parapodial base on a speoial process (Figs 9 and 10b) 
The external duot is thiok- walled, the constituent cells being ^arge ana protoplasmic 
It is further thickened by the development of a thm layer of circular musoles Some 
distance in front of the external opening of the duct of the reoeptaoulum semmis, 
the nephridial duot joins the former, with tho result that there is only one common 
external aperture — the nephruho-reoeptaoular aperture, as m the case of P gopalat 
(Fig 106) 

Structure of Sperms unthtn the Receptacvlum Semmis 

Tho presence of oopulatory organs in the male and recoptaoula semmis containing 
sperms, in the female, point to the occurrence of copulation, but I have not been 
able to observe the process The arrangement of the accessory reproductive 
structures, however, suggosts that the process might bo similar to that desonbed in 
Ptstontdens But genital papillae or suckers are absent m Pmone and adhesion 
between tho oopulating individuals may be brought about by tho large flattened 
process of the oopulatory organ, with the help of tho specially developed glands on 
the ventral surface of the sperm sao bearing segments, and probably also by tho 
modified ventral out us 

Mature females are invariably found to have been inseminated The sperms 
inside the reoeptaoula semmis have undergone metamorphosis and asm/' gopalat, 
the new modifications have apparently taken place after their transference to the 
reoeptaoulum semmis The sperms when pressed out of tho reoeptaoulum semmis 
are seen to be loosoly held together by a sticky fluid, probably secreted by the wall 
of the reoeptaoulum semmis itself There is no formation of spermatophores 

Each sperm has developed a broad, more or Iobs circular anterior extremity 
which is marked out from the suooeeding region by a distinct constriction (Fig 10c). 
The expanded portion probably represents the aorosome The nuclear portion that 
follows the constriction is spindle-shaped, with tho tapering neck region behind. 
The sperm measures up to 28 p, of whioh 8 microns are made up by the anterior 
expansion and the hoad, while the rest, by the flagellum 

Certain variations from the structure described above are often met with m 
some individuals It might be that these variations are progressive stages before 
the final oondition is arrived at, but I have no confirmatory evidence on this point 
In some of these sperms tho broad anterior expansion is found to be partly biseoted 
by a deep median indentation (Fig 10c) In some others the constnotion that 
follows the anterior expansion is very muoh elongated in the form of a oonneotive 
The median indentation may be absent in some In sections the nuclear portion 
takes a deep stem and is circular in outline The sperms have undergone a distinct 
reduction in size as compared to those from the sperm-sacs of the male. How this is 
effeoted and how the ohanges are brought about, I am not now in a position to explain 

The changes undergone by the sperms while inside the reoeptaoula semmis, in 
P gopalat, have already been desonbed m detail The sperms being non-motile 
the remarkable transformations undergone by them after copulation seem to have 
something to do with ensuring fertilisation by the development of an adhesive 
structure which would enable them to adhere firmly to the surface of the female 
gamete at the first contaot. 

In this connection it may be pointed out that somewhat similar instanoes of 
‘metamorphosis’ of the spermatozoa m the reoeptaoula semmis have been noted 
in Mollusos Iked a (1929) has described an instance of metamorphosis of 
spermatozoa m the Japanese slug Phylonncus btltneatus Benson Similar instances 
have also been observed by the same author m other slugs like P fruhstobet, Etdtmax 
flavus, LtmaceUa agrestts, etc. In P. btltneatus, Ikeda says that the mature 
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spermatozoon stored m the reoeptaoulum semiius has no tail, but only a sperm-head 
and that the metamorphosis takes place in the atrium after oopulation During 
metamorphosis the head and the middle pieoe eet separated from each other by the 
formation of a slender filament in between, and finally by the breaking of this filament 
the oonneotion between the two is severed Ikoda is finally inclined to believe, on 
the evidenoo of his own experiments, that this metamorphosis of the spermatozoon 
is probably related to the meohamsm of fertilisation rather than to the prevention of 
self-fertilisation in the hermaphrodite molluscs 

In the case of P complexa the sexes being separated the prevention of self- 
fertilisation as a reason for metamorphosis of the spermatozoon does not arise 
In this case also it is therefore probable that these changes, as suggested before, 
have something to do with the mechanism of fertilization A detailedand compara- 
tive study of the metamorphosis of the spermatozoon in this and othor Pisionids is 
being made m the hope that it would be possible to throw some light on this exceed- 
ingly interesting phenomenon 

The ova are large, greenish in oolour and m the fresh condition have big 
transparent nuclei Sections show that in the early oooyte the nuclear portion is 
more or loss clear with a oiroular central darkly staining nucleolus In the fully 
formed ovum the nuolear portion takes a greyish tinge with iron haematoxyhn, 
is rather opaque, and usually has an inner clear area The nuclear membrane is 
present The nucleolus has undergone division and portions of it have already been 
passed into the surrounding cytoplasm The details of these changes being outside 
the scope of the present paper are not now considered 

When maturo, tho ova are liberated into the body cavity and are attraoted 
towards the wide mouth of the genital funnels by their ciliary action They are 
then taken into and passed down the enlarged nephridial duct As in the case of 
P gopalrn, it is behoved that as the ova pass down tho nephridial duct tho sperms 
that are stored into tho reoeptaoulum seminis are also sent down which would 
enable them to get fertilized just prior to, or immediately on their being extruded 

Changes afteb Liberation of Genital Elements 

The account that is given below is based upon observations of the ohanges 
occurring in a number of individuals after the shedding of the genital elements 
These observations have been put together in a connected form for the sake of 
convenience and continuity, though it should be understood that all these ohanges 
have not been observed in a single form Most of the observations have been 
confirmed from worms directly obtained from the beach at different tunes 

Female 

Sexually maturo specimens are obtainable throughout the year When ripe 
females are kept m the laboratory for a week or so the ova are completely shwl 
Breeding takes place continuously and when the genital elements are shed, probably 
after a short resting period, the individual develops another set of genital elements 
It is, however, found that m either sex the aooessory structures such as the copula tory 
organs, sperm-sacs, genital funnels and reoeptacula se minis are gradually lost after 
the shedding of the genital elements. 

With the shedding of the ova the genital funnels begin to get smaller The 
receptaoula seminis, some of them still containing sperms, are pushed nearer the 
anterior septum and their external ducts show signs of hystolysis. The nephridial 
duofc is unchanged The ovary has returned to its immature condition and is now 
represented by a small mass of tissue 

Prolonged captivity results in farther changes The genital funnels disappear, 
with the result that the nephridial swellings of the respective segments stand out 
prominently. There is no trace of the reoeptaoulum seminis. The nephridial duct 

SB 
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now commumoates independently to the exterior The cutus like structure, 
developed from the parapodial base is absent The worm now looks just like an 
immature one, with just a trace of the ovary 

Male 

A similar series of changes take place in the males also The testis becomes 
reduced and is often represented by mmuto groups of cells surrounded by sperms 
The genital funnels are also very much reduced and portions of the sperm-sao show 
signs of histolysis Copulatory organs still retain their outer shape, but internally 
histolysis has commenced At a later stage the genital funnels, sperm-sacs and 
copulatory organs are all completely shed and tho dorsal cirri alone persist in the 
gemtal segmont (Fig 12) The segment is now nonsetigerous, the acioula also 
having been cast off 



Tbxt via 12 Putone complexa, Bp nov 
Middle segments of a male worm showing the gemtal segments from which sperm 
sacs and oopulatory organs have been dropped off x 200 
ns* , non setigsrous segment 


The ohanges undergone by the nephndial duct are evidently more complicated 
here than in the female Sinoe in the male gemtal segment the external opening of 
the nephndial duot — modified into the gemtal duot — is situated at the tip of the 
oopulatbry organ, the question arises whether the nephndia in these segments 
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function when the sperm-sacs — mere dilatations of the nephndial duet — and the 
oopulatory organs are undergoing profound hwtolyBis which culminate in their 
entire loss With the disintegration of these structures it is clear that the nephridial 
duct behind the sdptum is also lost It is therefore, highly probablo that the nephridia 
m these segments do not funotion when histolyBis is taking plaoe and that the 
nephridial swelling whioh now stands alone in the testis bearing segment develops a 
fresh external duct by the time the ventral oirrus and parapodial lobe are developed 
in place of the oopulatory organs (see below) 

At a later stage fresh parapodia begin to develop from either side of the segments 
in whioh sperm-sacs and copulatory organs were present (Fig 13) Ventral cirrus 
is formed Compound as well as simple setae are developed m the newly formed 
parapodial lobe These parapodia get further elongated and in this condition 
differ in no way from the parapodia of the non-genital segments The testis is very 
minute and like the ovary has roturnod to the undeveloped condition The segment 
still oontams some worn out sperms in the coelom (Fig 13) The ultimate fate 
of these sperms is not fully known Since the nephndia have no direct internal 
opemng, with the disintegration of the genital funnels and sperm sacs these sperms 
are effectively prevented from being taken to the exterior In the males, therefore, 
the accessory organs aro lost before the genital elements are completely shed 



Text mo 18 Pvnor* cotnplexo, sp nov 
Middle memento of a male that has cast off the sperm sacs and other aooeseory 
structures, developing ordinary parapodia Note the condition of the fresh 
parapodia ana the presence of sperms in the preoeding segment X 2Q0. 
dp , developing parspodium, 
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Changes of a similar nature taking place in Ptonosyllu newpolxtana havo been 
described by Goodrich (1930), but in tho male segraonts of this hermaphrodite sylhd 
the testes aro always in a well developed condition, apparently ready to produce 
more sperms This is not tho case m P complexa Whether any change takes place 
in tho sperm-sacs of Pumbsyllus is not known 

It is clear that the reproductive organs are lost and renewed probably several 
times in the life history of an individual But the time taken for the development of 
the first set, the interval between its loss and the formation of the next, are points 
that remain to be elucidated 

Second Generation of Reproductive Organs 

The seoond set of reproductive elements is developed m tho very same segments 
which oontainod the first, since the remnants of the ovary or tho testis as the oase 
may be, are present in those segments in an maotivo condition In tho male, the 
parapodia of the segment following the testis, though resembling the others, 
wore smaller and their bases were considerably swollon (Fig 14) The ventral cirrus 
was absent and in its place there was a broad papilla with a swelling at the base 
On this swelling was situated the external aperture of the nephridium, the course 
and appearance 8S which were similar to those of the nephridial duct in tho developing 
oopulatory organ (Fig 7c) The absence of the ventral cirrus at this stage and the 
presence of an enlarging papilla in its place definitely showB that the normal ventral 
oirrus is being modified during the formation of the oopulatory process Also the 
swelling at tho base of tho enlarging ventral oirrus supports the conclusion arrived at 
previously that the actual oopulatory prooess is formed as a prolongation of tho 



Text no 14 Ptetone complexa, sp nov 
Regeneration of oopulatory organ — early stage, viewed from the ventral aspect 
X400 

oo.or.,l developing oopulatory organ i m « , modified ventral cirrus. 
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body- wall at the baso of the ventral cirrus A duster of cells was attached to the 
nephridial swelling, evidently forming the rudiments of the genital funnel The 
parapodial lobe was supported by two acicula, one simple and one compound seta 
The testis was still minute and undeveloped It is to he observed that in tho 
formation of the oopulatory organ during the sooond generation the well developed 
parapodium gets gradually shorter and shorter, at the same timo casting off its setae 
until only the two aeioula remain In this feature it differs from its first formation 
when a well devdoped parapodium was not present m its place The succeeding 
stages are similar to those m tho first formation of the oopulatory organ described 
above It is to be noted that a few sperms of the first generation arc still present m 
the segmental chamber It is possible that these are senile sperms which might be 
absorbed during tho increased metabolism that is taking plaoe as a result of tho 
formation of frosh genital funnels, sperm saos and oopulatory organs It is also 
suggestive that the retention of sperms in the testis segments till the regeneration 
of the reproductive organs mcidently forms one of the moans by which the animal 
finds material to meet the demands of the increased metabolic activity, and might 
probably explain what would otherwise seem a waste of energy on the part of the 
worm in producing more spormB than are actually used during copulation 

Might not these phenomena indicate some sort of rejuvenation of the worm 
accompanying the replacement of the once functional reproductive organs by an 
entirely new set? Rcoent researches on rejuvenation in other animals seem to 
indicate that this is not altogether impossible 

Specific Characters 

Ptatone complexa n sp 

Worms 10 to 20 mm long, with 70 to 100 or more segments, cephalic region 
identical with that of Punone. gopalax, anal segment semi-oiroular, without anal 
glands, one to six or more pairs of testes and a corresponding number of genital 
funnels, sperm-sacs and oopulatory organs in the male, each testis invariably confined 
to a singlo segment, sperm-sao with only one saccular expansion, oopulatory apparatus 
of extraordinary complexity, parapodial lobe in the sperm-sao bearing segment highly 
reduced and supported l>y two aoicula in tho adult and by two aoioula and one 
compound seta m the earlier stage, tho ventral cirrus modifiod into a broad papilla, 
ventral glandular pad on the sperm-sao bearing segment, sperms non-motile and of 
large size, females having up to 20 pairs of ovaries, enclosed in membraneous 
oovenngs, arranged m alternating segments, the intervening segments ocoupied by 
the paired recoptacula semims, genital funnels in every ova-bearmg segment, 
parapodia of segments carrying reoeptaoula semims unmodified, nephndio-rooepta- 
oular aperture situated on a special oirriform structure vontrally to the parapodium, 
and sperms within the recoptacula semims also non-motile but with highly expanded 
anterior extremity 

Locality Madras beach, India 
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Introduction 

Tho distribution of the chromosomes in a distillery yoast to the two daughter 
nuclei during mitosis presented some intei esting variations (Subramaniam and 
Ranganathan, 1 04611) While, in many, the distribution was equal, t ach getting four 
chromosomes, m others it was unequal, owing to chromosome lagging, and nuclei 
with two, three, five or six chromosomes were formed These diploid, tnploid, 
pentaploid and hexaploul cells appear to disintegrate after a few divisions since 
they oould not be isolated in wort-agar plates 

From investigations on animals (White, 1046, Roller, 1443) and plants (Dar- 
lington, 1942) it appears that variations in tho amount of heterochromotin not only 
upset the nucleic acid metabolism of the cell but even alter tho timings ot mitoses 
and often result in sterility Mutation is suggested to be the cause of these varia- 
tions Can suoh an explanation be extended to include the ltthal mutations in the 
distillery yeast 1 Do yeast chromosomes carry hoterochromatic regions ? 

Though in the distillery yeast all oxcept the tetraploid have only a short span 
of existenco, tho four original strains having distinct morphologioal characters 
isolated immediately after oxposure of a brewery yeast to low temperatures for 90 
days (Subramaniam and Ranganathan, 1946d) have given nse to 16 different 
strains having distinct characteristics 

A oytogenetical analysis of tho above depends, therefore, „ on an elucidation 
of what happens in yeasts when the chromosomes are duplicated and whother yeasts 
have heteroohromatin 

Literature 

A perusal of the literature on the reactions of yeast to hiologioaJly active sub- 
stanoes indicates that almost similar effeots could be produced by a variety of 
ohemioals (Bauch, 1941, 1942, Fabian and McCullough, 1934, Thaysen and Moms, 
1943, Levan and Sand wall, 1943, and Thomas, 1945) The conclusions drawn by 
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different investigators appear, however, to be different While Bauch (1941, 1942) 
claims production of tetraploids and even octoploids, Thaysen and Morris (1943) 
considered the change to be ‘deep seated’, while Thomas (1945) suggests a ‘plas- 
mageno mutation’ Levan and Sandwall (1943) consider that their results do not 
justify a comparison of the offocts of various chemicals on yeast with the oolohiome 
effect on higher plants 

All the above tentative conclusions are, however, uncorroborated by critical 
eytological investigations Entire dependonoo on morphological data is often 
misleading, for, agencies which mduoe polyploidy also produoe gene mutations 
(Korlus, 1939, Darlington and La Cour, 1940) 

Any comparison betwoon the cell division of yeasts and cell division of higher 
plants should be based on a cloar appreciation of the different intervals at which 
duplication of cells takes place in different organisms (Darlington, 1937, Darlington 
and La Cour, 1940) While yeasts divide almost overy hour in woll-aorated wort, 
intervals between divisions in higher plants have been known to extend in some 
oases to a week or more Thus, while yeast oan thooiotioally be converted into a 
tetraploid by treatment of very short duration, longer treatment is nocessary to 
produce a tetraploid seedling Another important observation on higher plants 
ignored by workers on yeast is that it has boon possible to produce octoploid plants 
only very rarely by a single treatment (Dermen, 1940) 

Our own experience with a particular strain of yeast confirms the above 
observation After threo months of treatment we obtained only a tetraploid (Subra- 
maniam, 1945) Lack of reahsation of the impoitance of the above observation 
has resulted in different conclusions being drawn from almost identical observations 
Richards (1938) found that when colchicine is present, a maximum crop was produoed 
in a single growth cycle In suoh cultures alcohol and other products of fermenta- 
tion were found to bo groater Acceptance of Richards’ suggestion that oolchicine 
not only buffers the medium but is also a food, necessarily depends on proof that the 
oells ha\ o not become polyploid A careful perusal of Riohards’ paper shows that 
his colchicine cultures differed from the controls (1) in having only a single growth 
cyole, and (2) in their increased fermentative activity as evidenced by increased 
output of alcohol and increased utilisation of sugar The difference may be as much 
due to presenco of oolclucme as due to duplication of chromosome sets 

Though many substances have been known to induce ‘colchicine mitosis’, 
few are useful for the production of polyploids Apart from colchicine the largest 
numbor of polyploids have boon produced by treatment with acenaphthene Even 
in the selection of a suitable chemical for induction of polyploidy in yeasts several 
factors have to be taken into consideration Recent experiments have shown an 
antagonism of ethyl alcohol to oolchicine Lovan and Ostergren (1943) found 
that while the threshold value of oolchicine for Allium was 0 0055%, m the presenoe 
of 0 6% alcohol ovon 0 008% was found to be ineffective The increasing percen- 
tages of alcohol produced during fermentation may therefore desensitize the yeast 
to the action of colchicine 

Organisms differ in their sensitivity to different polyploidizing agents The 
Grammeae differ from the Legummosao in their sensitivity to acenaphthene 
(Kostoff, 1938b) Whde C-mitosis could be induced in wheat by different substances, 
flax reaots only to colchicine (Simonet and Guinochet, 1939) Ulva, a green alga, 
reacts only to acenaphthene hut not to oolohiome (Lovan and Levnng, 1942) 

Thus, if we take the four factors into consideration, viz (1) that yeast cells 
should be compared to whole plants and not to individual cells of higher organisms , 
(2) that aotion of a short duration may bring about a duplication of chromosomes 
m yeasts, (3) that biologioally active substances do not generally produce higher 
polyploids among treated seedlings by a single treatment, and (4) that the tetra- 
ploids and ootoploids may have a shorter generation time, then, the observations 
of various workers show a remarkable coincidence 

3 » 
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Results on higher plants indicate that chromosome duplication may produce 
entirely different types of tetraploids ‘ (1 ) There may occur an appreciable increase 
in size of eaoh vegetative cell in the tetraploid individual while tho total number of 
cells making up the plant remains relatively the same as in the diploid form , con- 
sequently, the tetraploid plant appears larger than tho diploid individual Most 
of the ohanges following polyploidy appear to fall mto this category (2) An increase 
in oell volume may follow a doubling of chromosomes, but there may be a decrease 
in tho total number of cells making up the tetraploid plant , therefore, the tetraploid 
individual will not appear different from the diploid (3) The doubling of the chro 
mosomes may not have any effect on tho size of the cells The polyploid individuals 
remain indistinguishable except probably m sexual and in some obscure physiological 
behaviour’ (Dermen, 1940) 

It would be well to remember that volume changes in induced polyploids depend 
not merely on an increase m the number of chromosomes but also on the occurrence 
of particular genotio factors m the organism The possibility of different types of 
gene mutations being induced by different biologically active substances has also 
to be kept in view 

The rosults of previous workers on yeast, when analysed in the light of the 
above considerations fall into two soparato groups (1) polyploidy with augmenta- 
tion of size appears to be likely when cultures are treated with camphor and borneol, 
and (2) polyploidy without any remarkable increase m size in cultures treated with 
oolohicmo (Levan and Sand wall, 1943, Thaysen and Morris, 1943, Richards, 1938, 
Bauch, 1941, 1942) 

Though a large number of observations have been recorded on variation in 
yeasts, the abaence of cytologwal data has resulted in an absolute lack of criteria for any 
rational analysis of the changes occurring m yeasts when treated with biologically active 
substances Many workors have recorded tho tendency of the variants to revert 
to- thoir original morphological condition A caroful perusal of the literature shows 
that variants thomselves are of two types (1) ‘saltants’ and (2) ‘Dauermodifioations’ 
(Henrici, 1941) Both these seem to oconr in culturos either spontaneously or when 
exposed to cold or the action of polyploiduing or carcinogenic substances We do 
not know yet how many of these variations are the result of changes in chromosome 
number and how many to causes such as deficiency (duplication) and gene mutatipns 
(Subramamam and Ranganathan, 1940a) Even in higher plants tho origin of 
aneuploid individuals and chimeras after colchicine treatment still awaits a rational 
explanation While some consider that such aberrations are the result of partial 
instead of total arrest of chromosome division, others have shown origin of such 
individuals by multipolar divisions of some polyploid nuclei (Dermen, 1940, Kostoff, 
1938b) 

The unstable nature of some of the mutants and the * sporting’ behaviour of the 
distillery yeast observed m this laboratory (Subramamam and Ranganathan, 
1946b) led me to a closer study of the problem of chromosomal behaviour in yeast 
and compare it with that in higher plants and animals One curious observation 
on the structure of the chromosomes m the distillery yeaBt appeared to be signi- 
ficant In Carnoy iron haematoxylin as well as in Eeulgen shdes^he chromosomes 
were ‘glistening’ The cause of this ‘glistening’ appears to be due to the chromo- 
somes having a lightly stained core and a chromophile cortex While in the control 
Sc 9 (Subramamam, 1946a) such a phenomenon was not observed, m material stained 
while the oulture^ were undergomg treatment with acenaphthene a similar staining 
reaction of the ohromosomes was observed 

Levan (1945) has reported recently deviations in the staining qualities of chro- 
mosomes when treated with morgamo salt solutions Not only could he observe 
the relational spirals of the two half chromatids dearly, but the heterochromatio 
regions retained the stain yhen the other regions of the ohromosomes had lost their 
colour. 
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To understand the different staining reactions of the ohromoeome when it 
beoomos duplicated, we have to turn to the results on higher plants and animals for 
an explanation Even there the. whole matter remains still as a speculation Ponte- 
corvo (1044) says ‘It is implicit in the view expressed here that a heterochromatio 
segmont should arise every time that a minute euchromatic region undergoes repeated 
duplications in the genotype and the rophoas remain adjacent to each other on the 
chromosome ’ Mather (1044), on the other hand, states ‘The functional distinction 
between the two kinds of gone must not, however, be held to imply that one type 
i an never change into the other So far as the effect on the phenotype is concorned 
it would not seem impossible that tho polygeno of relatively small effect could 
become the major gene of relatively large effect if the developmental history of the 
organism beoame elaborated in an appropriate way ’ 

Are we seeing in yeast chromosomes a transformation of a part of tho ouchro- 
matin into hoterochromatin 2 Is the chromophobio interior of the chromosomes 
the hoterochromatin * 

Increase in the rate of cell division is said to be associated with increased syn- 
thesis of nucleic acids by the cell, this again boing supposed to be regulated by the 
action of heterochromatin (Thomas, 1046) The shorter generation time of tho 
major strain of Torulopsis produced by Thayson and Morris (1943) necessarily 
presupposes such a sories of ovonts Since the amount of alcohol produced by any 
strain depends on its gome make up and since duplication of the goncs should in all 
probability lead to increased aloohol output, it necessarily follows that the coIIb 
should produce increased quantities of nucleic acids It is only the riboso nucleic 
acids which arc concerned in cellular syntheses (Caspersson and Schultz, 1 940, p 612) 
If wo extend the concept of the important role of nucleoproteins in cellular 
synthesis to yoasts also (Henneberg, 1916), then tho increased concentration of 
both types of nucleic acids in tho major strain of Thayson and Morris (1943) 
appears intelligible Production and regulation of nucleic acids is said to be in- 
timately associated with tho heterochromatio regions, for, it is stated ‘Hetero- 
chromatic regions have the capacity (1) to form large amounts of thymonucleic 
acid (or better perhaps, thymonucleoproteins) m the chromosomes themsolvee, 
(2) to form or affoct tho composition of the nucleoli , (3) to affect the characteristics 
of neighbouring regions translocated to them m such a way as to ohange the develop- 
mental effects of these regions m somatic cells , ami (4) to affect the content of the 
ribonucleic acids in the egg oytoplasm of Drosophila' (Schultz et al , 1940, p 621) 
Looked at from different angles, the occurrence of heteroohromatin in polyploid 
yeasts appears to be a possibility 

Material and Methods 

Tho accidental choice of acenaphthene for experiments on yeast necessitated by 
non-availability of even oolohicine was a happy one, for, its valuable feature appears 
to be its lack of toxic properties (Levan and Ostergren, 1943) As qualitative 
investigations should precede quantitative oneB, experiments were devised more 
with an idea of producing polyploids than to gauge the effeot of differing concen- 
trations of acenaphthene on the mitotic cycle The workers who discovered that 
aoenaphthene could successfully be used for the induction of polyploidy m plants 
have stressed the importance of having an undissolved excess of the substanoe, as 
a ‘saturated solution alone was not sufficient to induce chromosome doubling’ 
(Kostoff, 1938a, p 763) 

Yeast could be made either to grow or ferment Therefore an attempt was 
made to bring as far as possible growing cells undor the aotion of aoenaphthene 
Tubes containing 24-hour cultures were well shaken and the contents poured out 
Freeh wort was added to the tube and the few oells left in the tube were distributed 
uniformly throughout the medium by vigorous shaking A loop from the above, 
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whioh would usually oontain not more than 50 cells, was mooulated into the ex- 
perimental tube containing a few crystals of acenaphthone and about 10 c c of wort 
Every day most of tho material was discardod and the same quantity of wort was 
added and the crystals of acenaphtheno were renewed By this method actively 
growing cells were exposed to the aotion of acenaphthene and the above procedure 
was continued for 90 days Bauch (1942) has stressed the importance of tem- 
perature at the time of treatment, but the control of temperature was thought 
unnecessary in the present instance because of tho prolonged treatment Examina- 
tion of the contents of the tube was oarriod out every day After the third day, 
every 24-hour oulture would show a layer of small cells at the top 

Since vigorous growth has been noticed in higher plants immediately on roturn 
to normal environment after treatment with polyploidizmg agents (Kostoif, 1938c , 
Nebel and Buttle, 1938b, Mnntzing and Runquist, 1939), the aoenaphtheno troated 
culture was kept m an active condition in wort bofore isolating the various types 
of cellH by their distinct oolony characteristics in wort-agar plates 

A description of tho immediate oytological olfeots of acenaphthone oil aotive 
cells of tho brewery strain So 9 (NCTC 3,007) having only two chromosomes 
(Subramamam, 1940a) was hold up pending a preliminary analysis of the cytology 
of the now types produced (Subramamam, 1945, Subramamam and Banganathan, 
1940a) by 90 days’ treatment This was just to confirm tho suspicion based on a 
oareful perusal of the literature that higher polyploids may not ooour even on con- 
tinuous treatment It was thought that if such a confirmation was a\ adable it may 
enable a correlation of the contradictory results obtained by different workers on 
the effect of colchicine on yeasts 

The observations recorded m this paper, however, are the results of a oytological 
investigation of the immediate effects of acenaphthene on growing coIIh of tho above 
two ohromosome strain Since few colls are introduced at the beginning, the time 
of fixation was arbitrarily fixed at six hours in order to got sufiiciont material for 
preparing a few slides The oontents of the tubes wore centrifuged at regular 
intervals to get a series showing the chromosome stages (Subramamam, 1946a) 
Unsolved technical difficulties have prevented a study of the first mitosis under 
acenaphthone treatment and henoe the results recorded are those of later divisions 
from acenaphthone cultures 

Confusion of volutin with chromatin was avoided by ohoosing cultures of oells 
with dear oytoplasm showing no granular inclusions (Caspersson and Brandt, 1941) 
and fixed in Bourn or Carnoy to prevent the mitoohondria vitiating tho picture The 
slides were stained m Heidenhain’s haematoxylm 

Observations 

The nucleus of the yeast preparing for division may be observed as a vacuole 
endosing a chromophile mass having an irregular shape (Fig 3) The staining 
of this chromatin mass is uniform and it divides into two and soon after mto four 
as the indentation in one of the chromophile masses in Fig 4 would suggest Or, 
the nuclear vesicle disappears and the chromatin mass first assumes an irregular 
vesicular shapo with a chromophde rim and a ohromophobio interior (Fig 5) before 
dividing mto two very similar bodies having an identical shape and structure (Fig 1) 
The differentiation mto ohromophihc and ohromophobio regions appears at this 
stage even in those chromophile bodies which appeared uniformly stamed at the 
time of division of the initial chromatin mass (Figs 3 and 4) Division of tho two 
bodies is not simultaneous as Figs 2 and 7 would indicate One of the bodies 
divides first (Fig 2) and then the other (Fig 7). This appears to bo the typical 
tetraploid metaphase condition which appears to be suooeeded by the typical ana- 
phase illustrated in Fig 12 » Among the large number of oells seen in any field, 
though four ohromosome stages predominate (Figs 7 and 13), oells showing other 
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chromosome numbers are also present The two initial ohromophile bodies may 
give ripe by division to four ohromosomos, two of which may differ in size (Fig 6) 
One pair of these chromosomes may differ not only m size but also m structure A 
pair of vesicular chromosomes and two chromatin grams ocowr in the oell illustrated 
m Fig 8 In Fig 10 may be seen three vesicular chromosomes and three granular 
ones On careful examination of large numbers of cells it appears as if these granular 
chromosomes are the result of unequal division or breakage of the chromosomes and 
that they eventually disintegrate The vesicular shape of the chromosomes m cells 
undergoing treatment with aconaphthone renders it impossible to judge the exact 
cause for such inequality in sire between the two daughter chromosomes Since 
the mutant isolated from cultures grown under normal conditions after undergoing 
treatment for 00 days with acenaphthene showed two unequal chromosomes 
(Subramamam and Hanganathan, 1946a), the question of fragmentation and trans- 
location of bits of chromosomes have to be seriously considered 

The occurrence of tnploid anaphasos (Fig 16) suggests either disintegration and 
loss of one chromosome or the non-division of some chromosomes, the later segrega- 
tion of ihe six chromosomes into two groups and the reoonstitution of two nuolei 
each with three chromosomes The occurrence of pentaploids and tnploids (Figs 
9, 1 0, 1 1 , 14, 15 and 16) suggosts the latter possibility Colchicine and acenaphthene 
though they inhibit spmdlo formation do not, however, have any effect on the 
streaming movomonts of the cytoplasm (Nebol and Ruttle, 1 938a) Observations 
on the control suggest that apart from the spindlo, the streaming movements also 
play an important role in the distribution of the daughter chromosomes or the 
reconstituted nucleus to the bud (see Pictographic summary, Subramamam, 1946a) 
Unco ordinated division of the chromosomes into chromatids and streaming move- 
ments may explain the curious disposition of the chromosomes in Figs 9, 14 and 15 
Thus in Figs 14 and 15 one of tho ohromophile bodies appears to have divided 
giving an odd number of chromosomes The possibility that m the majority, the 
ultimate division of all the bodies may finally be followed by the anaphase illus- 
trated in Fig 12 is worth consideration since pontaploid anaphases have not boen 
noticed in tho material While in Figs 9, 14 and 15 five chromosomes are present, 
in Fig 17 there are six, two of whioh appear to be considerably bigger than the rest 
In Fig 18 thoro are seven bodies, the result probably of non-division of one of the 
chromosomes, which when completed would probably proceed later to the anaphase 
shown in Fig 12 

Tho behaviour of the chromosomes in both plants and animals under contmued 
treatment appoar to be similar ‘The sequence of events is similar to that described 
by Levan (1938) m Allium The chromatid attraction lapses and the division of 
the centromere takes place, but the two chromatids remain parallel Either a single 
resting nucleus, which will be tetraploid is produood or several unbalanced nuolei 
which will degenerate’ (Barber and Lallan, 1943, p 264, Kostoff, 1938b) 

The vagaries of different types of cells from different plants to identical concern 
tration of these chemicals are slowly coming to hght It is well known that after 
treatment with oolchiome aberrant forms with unohangod chromosome numbers 
also occur 

The results recorded above of the action of aoonaphthene on a brewery strain 
of yeasts do not appear to be unusual The mutant with two unequal chromosomes 
(Subramamam and Ranganathan, 1946a) may be the result of a simple division of 
the oell shown in Fig 6, or the multipolar division of a oell containing eight unequal 
chromosomes The occurrence of only a tetraploid even after 90 days’ treatment 
suggests that the efficiency of the chemical as a polyploidizmg agent ceases onoe a 
duplication of the chromosomes had occurred It is quite likely that several types 
with unbalanced chromosome numbers may ocour m the cultures. But all these 
various forms may have only a short span of existenoe since they did not appear in 
•wort-agar plates. 
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Discussion. 

Heteropycnosis of entire chromosomes or parts of chromosomes have been 
known for a long time In fact, the ‘cliromomeres’ of Wenrich (1916) and the 
‘prochromosomes’ of Rosenberg (1909) seem to belong to this category Chro- 
mosomes show different types of hoteropycnosis during the various stages and 
members of the same set may differ from one another oven at the same stage The 
X-ohromosome of Acndidao show positive hetoropycnosis during the prophase of 
moiosis and negative hoteropycnosis during tho early spormatogomal divisions 
The autosomes of the same set, however, are positively hotoropycnotio during the 
meiotio prophase but show no reversal m the early spermatogonia! divisions Even 
among th«e autosomes, the ‘prooocious chromosome’ resembles m its staining 
capacity the X-ohromoeomo itself (White, 1946) 

In many plants (Darlington and La Cour, 1940) such a reversibility has been 
demonstrated Particular regions which show negative hetoropycnosis during 
metaphase at low temperatures appoar deoply stained during the resting stages 
The Y-chromosome of Drosophila is completely hetcropycnotic and genotical evidence 
suggests that it does not carry the major genes On this basis chromosomes or 
chromosomal regions are classified into eu- and hetorochromatic regions As in 
the oase of the Y-chromosome, in tho autosomes also the hetorochromatic regions 
have been shown to exhibit a different type of gome behaviour Apart from all 
this Caspersson (1941) has Bhown that the protein synthesized by the genes are less 
complex in the hoterochromatio regions 

The identification of heteroohromatic regions in chromosomes doos not appear 
to be an easy affair (Callan, 1942) Though in certain plants the chromosomes show 
the differential segments when mitosis or meiosis takes place at low temperatures, 
this method is not of universal application The number of chromocentres m the 
resting nuclei (Manton, 1935) may not also be a safe guide Darlington and La Cour 
(1940) found the number of chromooentros to correspond to the heterochromatio 
segments m Pans polyphylla but not in others In T erecium, tho number of 
chromocentres wore fewer than the heteroohromatic segments They conclude that 
it is not always possible to distinguish the intorcalary segments (Kaufmann, 1939) 
and that the possibility of two neighbouring differential segments appearing as a 
single ohromocentre should be kept m view 

Mirsky (1943) suggested that heterochromatm may bo characterised as ‘that 
portion of a chromosome which rotains its high content of nucleic acid in the inter- 
phase when the rest of tho chromosome (the so-called euehromatm) loses much of 
its nucleio acid’ (p 28) The realisation of the fact that the detection of hetero- 
ohromatui being not an easy affair, the failure to locate such regions by cytologioal 
methods need not nooessarily indicate its absence, has led Darlington to re define it 
as ‘parts of chromosomes which are liable to remain charged with thymonucleotides 
m the resting stage’ (Mather, 1944) 

This naturally leads to a consideration of the position of heterochromatm in 
the chromosomes The supernumerary chromosomes in many plants and animals 
(White, 1945, Darlington and Thomas, 1941) are almost wholly composed of hetero- 
ohromatin Even different tissues in the same plant or animal may have different 
numbers of heteroohromatic supernumerary chromosomes The supernumeraries 
are limited to the germ track in Sorghum In Szxara the male and female have 
seven and eight chromosomes in their soma while the cells of the germ lino contain 
in addition a pair of supernumeraries , the ‘ limited chromosomes’ 

Even in the same autosomo the heteroohromatio regions may be limited to the 
areas around the centromere or they may have in addition such regions at their 
ends as also minute ones distributed at intervals Translocation of a gene to the 
heteroohromatio segment loads initially to irregularities in reproduction before a 
mutation to the heterochromatio^type (Caspersson and Schultz, 1938). Since in 
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Drosophila the inert regions contain most of the repeats (Kaufmann, 1939) it has 
been tentatively suggested that inertness may be the cause of reduplication Since 
additions or delotions of the hotorochromatio segments have only slight phenotypic 
effects and since heteroohromatin carries ‘ polygenes '''fit has been surmised that 
‘by virtue of its complement of polygenes it must play an important part m the fine 
adjustment of the phenotype to the immediate environment and in the storing of 
tho variability on which will depend the future adaptation and evolution of the 
organism’ (Mathor, 1944) In animals repeats represent ‘an important kind of 
“raw material” for evolution’, for, ‘mutations which would bo lethal or at any 
rate lower the viability of the organism if they ocourred m a non-repeatod region, 
may in many cases have no such disastrous oonsoquences if they occur in a totraploid 
segment ’ (White, 1 945, p 48) Polyploidy appears to have played a n/ajor role m 
the evolution of plants and the yeast is perhaps no exception 

The specifio question therefore is — whether the chromophobic portions of tho 
ohromosomos in yeast cells undergoing treatment with aeenaphtheno represent the 
heterochromatin * Any duplication of the chromosome sets should make some set 
of genes more or less superfluous 

Before discussing the possibility of the chromophobio portion of the chromo- 
somes being heteroohromatin, the question whether such a staining reaction may 
not be a mere indication of the structure of the ohromosomo itself has to be con- 
sidered Chambers (1925) has shown that in favourable material tho chromo- 
somes during certain stages possess a oortex which oan be optically differentiated from 
a central core ‘This structure is significant in view of the way in which the 
artificially induced chromatin filaments como to view m the prophase spermatooyte 
of the grasshopper Granules appear out of tho hyaline nuclear material and align 
themselves in rows As the granules increase and aooumulato, their arrangements 
about a hyalmo non-granular core becomes more and more appreciable Tho 
definitive chiomosomo finally results by a shortening of the core and the fusion of 
tho granules into a hyalmo cortex’ (p 274) Levan (1945) found that treatment 
with many salts producod clear pictures of the internal structure of the chromo- 
somes 

That tho lightly stained region in tho chromosomo in acenaphthene material 
is not merely a clear picture of the internal structure would be evident owing to 
the following reasons (1) The control strain shows no such differential staining 
(2) In actively growing cells of the distillery yeast under normal conditions the 
ohromosomos show such a differential staining (3) In Cornoy or Bourn iron haema- 
toxyhn and in Feulgen’s nucleal reaction an identical picture is obtained Since tho 
colls under discussion differ from the control in that thoj r are polyploid, the differ- 
entially undorstained region is m all probability tho heteroohromatin 

In rod-shaped chromosomes the heteroohromatin occurs either intercalated 
or as continuation of the euchromatin Not only does the amount of heterochro- 
matin differ in some groups from individual to individual owing to duplications and 
deletions, but also they show variations in amount in different tissues In Droso- 
phila melanogaster the heteropyonotio region which is about one-third the length 
of the X chromosome at mitosis is represented in the salivary chromosomes bj less 
than one-tenth its length While, in Drosophila salivary glands the heterochromatio 
regions around the centromeres fuse to form tho chromooentre, in the Clnronomidae 
no suoh fusion ooours and mtoroalary and terminal heterochromatio regions have 
been observed 

The heteroohromatin of the autosomes have been known to differ from that of 
the sex chromosomes and it seems as if ‘ there is difference between “ compact 
heteroohromatin ” in which ohromomeres still form bands and “ loose heterochroma- 
tln ” m which the regular arrangement of the ohromomeres is entirely lost ’ (White, 
1945, p 44) Thus the range of variations observed m the position and distribution 
of heteroohromatin in animals and plants rendered possible to consider the lightly 
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stained mtenor of fcho yeaat ohromosomes a s heteroohromatm Very little atten- 
tion seems to have been paid to the location of heteroohromatm m granular chro 
mosomes We have an example ol such a type in Drosophila melanogaster itself 
The ‘dot’ chromosome appears in salivary glands as a short strand attached to the 
ohromooentre Often both ends of the ‘dot’ chromosome may bo attached to the 
ohromooentre showing the existence at the ends of hetorochromatio segments 

The differentially stained region in the yeast chromosomes thus appears m all 
probability to be the heteroohromatm In certain species of Chironomidae, Bauer 
has observed that ‘single bands of large “vesicular” chromomeres oocur in the middle 
of a chromosome These he interprets as heterochromatic segments consisting of 
only one band, they may also occur at the end of a chromosome’ (White, 1945) 
The resemblance in structure of these heteroohroraomores to the chromosomos in 
the yeast exposed to the action of acenaphthone is rather striking 

The peouhar position of the heteroohromatm in the yeast chromosomes militates 
in no way against its identification sinco Painter and Taylor (1942) describe m the 
toad discrete granules of heteroohromatm entirely removed from the chromosomes 
and still appearing to function Caspersson and Brandt (1941) suggested that tho 
volutm granules and thymonuoleic aoid of yoast colls may correspond respectively 
to the hetero- and euohromatm of animals and plants 

The demonstration of a change from eu- to heteroohromatm on duplication 
of chromosomes appoare to be of considerable significance Since gradations between 
polygenoa and major genes as well as transformation of one into the other have all 
been envisaged, definite statements based on observations on yeast would be pre 
oanous Only planned experiments on higher plants on tho effect of induced poly - 
ploidy on eu- and heteroohromatm may furnish us with any rational explanation 


Summary 

1 Lethal mutations observed in a distillery yoast nerossitated an elucidation of what 
happens m yeasts when the chromosomes are duplicated and whether yeasts hate hetero - 
ohrom&tin 

2 A review of the effects of polyploidnung agents on yeasts and higher plants is presented 
It is suggested that if we take the four factors into consideration, viz (1 ) that ycost cells should 
bo compared to whole plants and not to individual cells of higher organisms, (2) that action 
of a short duration may bring About a duplication of chromosomes in yeasts, (3) that biologically 
active substances generally do not by a single treatment give higher polyploids among treated 
seedlings, and (4) that the tetraploids and octoplouls may have a shorter generation time, then 
tho observations of various workers show o remarkable coincidence 

8 Tho observations and spoeulotions on the problem of hoteruchroinatm are reviewed 
and the possible occurrence of heteroohromatm in polyploid yeasts is indicated 

4 Details of the method of treatment of activoly growing yeast cells with acenaphthrne 
are given 

6 The various ohromosome pictures seen during mitosis in cells undergoing treatment 
with acenaphthene are described The chromosomes have c chromophilic cortex and a ohromo 
phobio mtenor 

6 The possibility of a thango from eu to heterochroroatin on induction of polyploidy 

is discussed and it is suggested that the chromophobic core of the chromosomes may correspond 
to tho heteroohromatm of higher plants and Animals ** 

7 It is shown that the peculiar position of the heterochromatm militates m no way against 
ita identification since Caspersson and Brandt suggested a correspondence of volutm granules 
of yeast to heteroohromatm, while Painter and Taylor describe in the toad discrete granules 
of heterochromatin entirely removed from tho chromosomes and still appearing to function. 
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STUDIES ON PHYSICO-CHEMICAL PROPERTIES OF PHTHALOCYANINES 

Determination or Molecular Weights of Free Phthalooyanine and 
some of its Metallic Derivatives 

By M V Sirur, B Be , M S Muthanna, M Sc , S K Bhattachahyya, D 8c., and 
Sir J C Ghosh, Kt , D Sc , F N / 

{Received August 10, read August 30, 194b ) 

Phthalocyanines, since their discovery in 1928, and synthetic preparations in 
the pure state by Line to ad and his school have been materials of such absorbing 
interest to the chemist as well as to the industrialist that it was considered worth- 
while to investigate some of their physico-chemical properties Phthalocyanines 
combine the complexity of organic structure with the stability of inorganic com- 
pounds, resulting in a new chromophore with a splendid resonance and a unique 
resistance to light, heat, acids and alkalies and to most of the organic solvents 
The structure of free phthalocy&nme, as given in I, has been finally accepted as 
correct 



I II (M «= Divalent metal) 

The structure consists of fou^comors with iso-indole nuclei which are bound through 
nitrogen atoms, so that the middle part consists of a 16 membered ring Witluri 
this ring are found two lmino-hydrogen atoms (marked with asterisk) which are 
replaceable by metal This structure was assigned by Robertson and established 
with certainty with the help of X-ray investigations It has been proved by Linstoad 
ei al (1936) that the metal is held to the two iso-indole N atoms by primary valencies 
and is co-ordinated with the other two N atoms to form four chelate rings, this sort 
of chelation leading to greater stability (Structure II) 

Phthalooyanme derivatives with 26 elements are known so far Their solu- 
bilities are anomalous Though they exhibit general similarity, there exist distinct 
differences depending on the constituent metallic atom and they can be classified 
into three groups — 

(а) Derivatives of Na, Ca, Hg, etc , are amorphous powder, insoluble in organic 

solvents and do not sublime The metal can be removed by ddute 
adds and some organio solvents 

(б) Stable oovalent co-ordination compounds, like Cu, Ni, Zn, Pt, etc , deri- 

vatives They are stable towards cold concentrated sulphuric acid 
and hot alkalies and the metal cannot be separated without disrupting 
the whole molecule They are soluble m high boiling organic solvents, 
crystallise m monoclimo crystals and sublime at 500-600 °C 
(c) Labile oovalent co-ordinating compounds, like those of Mg, Mn, Sn, etc 
They cannot crystallised or sublimed The metal is easily removed 
by the aoido. 
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Of the various physico chemical properties of phthalooyamnes studied so far, 
reference may bo made to their oxidisability studied by Linstead et al (1934), their 
halogenation studied by Linstead et al , their catalytic activities studied by Cook 
and by Tamamusha and Tohonatsu , their absorption spectra studiBtbby Lmstead et ai 
in a number of organic solvents like chloronaphthalene, bromonaphthalene, pyn- 
dino, quinoline, ethyl alcohol, acetone, and in an inorganic solvent like absolute 
sulphuric acid Ah regards the determ i nation of molecular weights of phthalo- 
cyamnea, the only reference available in literature (other than X-ray method) is the 
determination of the molecular weight of magnesium phthalocyanine in naphthalene 
as a solvent, by ebullioscopic method studied by Lmstead and Lowe, who have 
found that the experimental value is m good agreement with the theoretical value 

The object of the present investigation was to determine (a) the molecular 
weights of free phthalocyanine and itB derivatives of copper, lithium, chloro-chlor- 
alummium and silver in sulphuric acid by the cryoscopic method , (b) the molecular 
weight of dihthium phthalocyanine by the ebullioscopic method m absolute ethyl 
alcohol as the solvent 

Sulphuric acid has been found to be very suitable for this purpose as it is a good 
solvent for the phthalocyamnes It has a high dielectric constant — greater than 
84 The complications due to inter-ionic forces and ion-association are of con- 
siderably smaller magnitude In this connection references may be made to the 
valuable work done by Hantzsch, Oddo and Scandola, Conant and Werner, and by 
Hamct et al on the determination of moli cular weights of a large number of organic 
and inorganic substances by cryoscopic methods with sulphuric acid as a solvent 

Section A deals with the determination of molooular weights of free phthalo- 
cyanine, copper phthalocyanine, dilithium phthalocyanine, silver phthalooyanine 
and chloro-alummium chloro-phthalocyanme by the cryoscopic method m sulphuno 
acid 

Section B deals with the determination of molecular weight of dihthium phthalo- 
cyanine in absolute alcohol by ebullioscopic method 

Section A 
Experimental 
Reagents 

Sulphuric acid Sulphuric acid (A R quality) was distilled in an all-pyrex 
distillation set under a stream of dry CO* The acid distilled over without decom- 
position at 318°C -319°C at atmospheno pressure (690 mm of Hg) The dis- 
tillate was stored in an air-tight bottle m a desiccator The fuming sidphurio acid 
was prepared by heating 33% oleum in the distillation flask and absorbing the 
evolved S0 8 into distilled H 2 S0 4 This fuming acid was also preserved m an air- 
tight bottle inside a desiccator 

Free phthalocyanine and its various derivatives were prepared according to 
the methods of Lmstead e< al 

KHSO* Merck’s A R quality KHS0 4 was used in this investigation 
Apparatus and Experimental Procedure. 

For determining the freezing point Beckmann apparatus was used with the 
following modifications to prevent absorption of moisture (1) The rubber and 
cork stoppers were replaced by ground joints A and B as shown in Fig 1 , (2) For 
stirring the following simple arrangement was made A rubber tube is placed over 
the side tube C and another glass tube passed through it A slightly thinner glass 
rod is introduced into the latter tube and connected to the platinum stirrer by means 
of a flexible wire as shown in Fig 1 The stirrer was operated by hand There is 
little fnotion and the sealing was almost complete. This was further protected by 

IB 
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another glass tubing whenever stirrer was not m operation For recording the 
freezing point a Beckmann thermometer reading to 1/100° was used The thermo* 



Fio I 


meter was first of all set at about 10 5°C to approximate to the freezing point of 
absolute sulphuric acid 

During the oryoscopic measurements, (a) the temperature of the cooling was 
not allowed to exoeed 2° to 3°, (6) the stirrer was operated as uniformly as possible; 
(c) the thermometer was always tapped before taking a reading 
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Stock sulphuric acid was prepared by mixing fuming acid with the distilled 
acid in a ratio calculated to give slightly less than 100% H1SO4 and it was stored 
in an automatic sealing tube of the type used by Oddo and Scandola (Pig 2) This 



acid was then forced out into the freezing point tube up to a definite mark The 
freezing point of the acid was next adjusted to the desired point by addmg to it 
small quantities of fuming HgS0 4 by means of a pipette The total quantity of 
HjS0 4 was found out by weighing the freezing point tube before and after addition 
of acid 

There is a marked change in the freezing point of HjSO* on either side of the 
maximum point whioh corresponds to absolute H 2 S0 4 with freezing point of 10 5°C 
The freezing point of sulphuric acid of composition, either more or lees than 100%, 
is less than 10 5°C After determining the freezing point (F P ) of the solvent the 
phthalocyarune or its derivative was added, and the lowering of the freezing point 
produoed was measured 


Determination of the cryoscojnc constants of the solvents used 

In the present investigation two types of solvent were used — 

(a) Sulphuric acid containing about 0 1% water, the freezing point being 

0 11°C less than the maximum 

(b) Sulphuno acid containing about 1% water, the freezing point being 

4-15°C less than the maximum 

Before determining the molecular weights of the phthalocyanmes, the oryoeoopio 
constant K was determined for the solvents by observing freezing point depressions 
of KHS0 4 at different dilutions. Taking Vant Hoff’s motor t = 2, the molecular 
weight of KHS0 4 comes down to 68 Assuming this value of the moleoular weight 
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of KHSO4 in solution, the cryosoopic constants K were calculated from the formula 
K M Si W 

CO 

where M = 68, 8 t = observed freezing point depression, W =3 amount of sulphuno 
acid in grams, and to = amount of KHSO4 in grams 

Graphs were drawn taking K as ordinates and the concentrations of KHSO4 
as abscissae (Fig 3 ) and from the graphs, K for zero concentration of KHSO4 was 
extrapolated The results are tabulated in Tables I and II 



Cryoscopic constant K for sulphuric acid containing about 6 1 % water 


Volume of acid taken «■ 20 4 o r If = 37 4 grams 


(grams) 

C 10» 
(Mole ) 

PP 

(Beckmann 

reading) 

St (°C ) 

K 

K 

(extrapolated) 

0-0048 

177 

0 220 

0 232 

0 012 

6230 


0 0670 

2420 

0 388 

0 168 

0380 

0200 

0 1826 

4780 

0 658 

0 339 

0500 


0 2072 

7460 

0 768 

0 638 

0010 
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Cryoacoptc constant for sulphuric acid containing about 1% water 


Table II 

Volume of acid taken = 26 800 IV = 54 4 grams 


(grams) 

C 10* 

(Mul ) 

FP 

(Beckmann 

reading) 

it (°C ) 

K 

K 

(extrapolated) 

0 0283 

713 

4 276 

4 335 

0 056 

7320 


0 1663 

4104 

4 667 

0 418 

9290 

7000 

0 2737 

6740 

4 977 

0 668 

94-50 



The experimental results on the molecular weights of free phthalocyanine and 
its various derivatives are recorded in Tables 111 and TV The molecular weight 
was calculated from the relation M = — y^ r * 


Table III 


FP of acid used = 0 11° below the maximum FP of absolute sulphuric acid, cryosooplo 
constant K = 6,200 (extrapolated) M — Molecular weight calculated according to the 
formula , M 0 bt = Molecular weight found experimentally 
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Tabu IV 

F P of acid used -* 4 16° below the maximum FP of absolute sulphuric acid, cryoscopic 
constant K ■= 7,000 (extrapolated) 


Substance 

Afcalc 

w 

grama 

grams 

C 106 
(Mol ) 

<°C) 

Mob, 

* 

Free Phthalocyanine 








(C 8 ,H w N g ) 

614 

38 7 

0 1068 

988 

0 285 

67 8 

7 6 

Copper Phthalocyanine 

614 

38 7 

0 1137 

1076 

0 291 

70 7 

7 3 

(C„H I# N,Cu) 

67# 

36 4 

0 0880 

778 

O 221 

70 7 

7 6 

do do 

Dilithium Phthalocyanine 

676 

36 6 

0 0980 

H08 

0 262 

7 4 6 

7 7 

(C as Hi a N 8 Li,) 

626 

37 6 

0 0996 

008 


39 4 

13 4 

do do 

Silver Phthalocyanine 

626 

37 3 

0 1176 

1108 

0 042 

40 7 

13 0 

<C.,H tt N a Ag) 

619 

38 8 

0 1178 

902 

0 763 

00 2 

10 3 

Cliloraluminium Chlaro 
phthalocyanine 
(CjjHijNgCl A1C1 H.O) 

019 

39 0 

0 1334 

1016 

0 381 

62 8 

9 9 

644 

36 7 

0 1122 

874 


39 0 


do do 

644 

36 8 

0 0922 

700 

0 451 

38 7 

10 (1 


Section B 

Reagents — Pure dilithium phthalocyanmo prepared according to the method 
described before, and pure and crystallised benzoic acid were used As a solvent 
absolute alcohol distilled over metallic calcium, and diethyl phthalate was used 

Apparatus and Method of Experimental Procedure 

For the determination of boiling point Landsberger’s method, as modified by 
Walker and Lumsden, was used The thermometer used in these experiments was 
graduated to 1/100° When the thermometer registered a constant temperature, 
the reading was taken as the boiling pouit of the pure solvent Next the molecular 
weight of a simple substance, like benzoic acid, was determined in absolute alcohol 
to test the accuracy of the method 

The molocular weight of dilithium phthalocyanine was determined in the same 
way and the results are recorded in Tablo V 


Tabu V 
h' = 1600 0 



e 

CJ 


~~ e 

" -'I 

[ M 


(°C ) 

glUB 

<°C) 

(”<- ) 

<"> | 

| OhH 

Calc 

Benzoic acul 

76 60 

06 

76 10 

0 60 

11 0 

118 2 

122 0 

Dilithium phthalocyanine 

76 60 

05 

75 67 

0 17 

9 26 

496 1 

626 9 

76 60 

0 6 

75 64 

0 14 

11 5 

484 0 

526 9 


0 «= boiling point of absolute aloohol , 9i — boiling point of solution , m = weight of 
the solute , e tm elevation of the boiling point , v — volume of the solution , M, lim « 
molecular weight found experimentally , and «= molecular weight calculated 
accordmg to the formula - 
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From the above table we can see that the moleoular weight, as determined by 
experiment m the sol^fent of absolute alcohol, is in good agreement with the theore- 
tical value 

Discussion 

Section A 

The cryoscopic measurement of Hantzsch m sulphuric acid as a solvent with 
compounds, organic as well as inorganic, containing N atoms not linked to oxygen 
atoms, led him to the following conclusions — 

The nitrogen bearing compounds will dissolve in sulphuno acid with complete 
salt formation and forming a polyvalent ion depending on the number of N atoms 
m the compound This is demonstrated by the lowering of the freezing {Joint and 
the molecular weight corresponding to an increase in the number of ions in the solu- 
tion 

Thus 

No of N atoms in the compound 1 2 3 4 6 

Maximum No of ions 2 3 4 5 6 

Accordingly the number of ions formed in sulphuric acid solution can bo estimated 
and thus one can know how many N atoms of the compound take part in salt form- 
ation Hantztich has studied many compounds including basic, neutral and even 
aoidio substancoa like NH 3 , HN0 2 , HNO3, and benzoic, acid 

The experimental results of Tables III and IV may be explained schematically 
as outlined below 


( 1 ) Free Phthalocyamne 

(a) With sulphuric acid containing 0 1% water 



It follows from the scheme that n = 5 whioh is in good agreement with experi- 
mental values If we assume complete dissociation as, we could do logically, at such 
low concentration in a solvent with so high a dielectric strength, » whioh is equal 
to l + (»— 1)« becomes l+(w— 1), that is, 1 — n 

(6) With sulphuno acid containing 1 0% water 

The two central nitrogen atoms (whioh ace not lmino), with one pair of electrons, 
take up two more protons under changed oondition of the Bolvent as 



Hence t should be 7 which has been expenmentally observed From this it 
seems evident that the inner two co-ordinating nitrogen atoms also take up protons 
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in the presence of small quantities of water, whose funotion is difficult to explain 
at present 

(2) Copper Phthalocyamne 
(a) With 0 1 % water in the solvent 



Henoo t should be 5 which has been experimentally observed 
(6) With 1 0% water in the solvent 



Here also we observe similar results as in the case of free phthalocyamne, that 
is, » = 7. 

In other cases the same reaction scheme may be postulated with sulphuric 
acid containing 0 l % as well as 1 0% water 


(3) Stiver Phlhalocyamne 



which should give * =9, which has been found to agree lairly well with the experi 
mental value 

(4) Dtlithium Phthalocyamne 



Here t a* 11 whereas tl^e experimental values are in the neighbourhood of 13 
This discrepancy may be due to experimental error. 




Section B 

The agreement between the theoretical and the observed value is quite satis- 
factory and evidently the molecule of dilithium phthalocyanine remains undis 
sociated in absolute aloohol 

Our thanks arc due to Dr T L Rama Char for carrying out some preliminary 
experiments 
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ON STATIONARY LINE ELEMENTS 


By K R Karmarkar, J K Fellow, Bennrei Hindu University 
(Communicated by Prof V V Narlikar, P N I ) 

(Received September 3 , read October 18, 1940 ) 

Abstract 

A let of necessary and sufflount conditions for ft spherically symmetrical line element to 
be stationary is obtained and a method m given of transforming it to a static form when the 
conditions aro satisfied A new proof of Birkliofl’s theorem is given 

1 Introduction 

Consider a static lino element, da* — g „ dx? dx v 

This may be transformed to a non static form by an arbitrary non singular 
transformation of co-ordinates Line elements obtained in this way may be called 
stationary as is the usual practice It is the object of this paper to investigate the 
necessary and sufficient conditions for a non static line-element to be stationary 
Only sphorn ally symmetrical line elements have been considered 

2 Necessary Conditions 

A general spherically symmetrical static line-element is given by 

ds* = -Adr*-B(d9*+am*6d<j>*)+Ddt*+2Cdrdt, (1) 

where A, B, V, D are lunotions of r alone By the successive transformations 

r* = B, t = t (2 1) 

and 

r ~*C G { (22 > 

t=)-^dp+kT, ) 

we get 

da* = - Adp*-p*(d9*+ sin 2 9d<f>*)+Ddr*, (3) 

where 1 and D are functions of p alone 

Hence there is no loss of generality m taking the general spherically 
symmetrical line-element in the form (3) 

To get the nec essary conditions lot it be assumed that the lino element, 
da* = -Adr*~B(d9*+am* 6d<f>*) +Ddl*+2Cdrdt, 
where A, B, C, D aro functions of r and t, is transformable into 

-Adp*-p*(d9*+*m*9d<f>*)+Ddr* . (4) 

where 1 and D are funotionn of p alone 
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The law of transformation of tensors gives — 



Ml MtMIt' 

> - 

( 61 ) 

P*=B, 


(6 2) 

MSMSME l 


(6 3) 

Ml S+K DM 

3r 

dr 

(6 4) 

Differentiating (6 2) with respect to p and r respectively we get 


B' dr B St 
2B m dp + 2B m dp’ 


(5 6) 

"MM 


(6 6) 


a dot representing a differentiation with regard to t and a dash representing a 
differentiation with regard to r 
Solving (5 3) to (6 6) we get 

%-*■ *-*• %~ Rf ’ > 6 " 

where 

M = (DD'—CB) 2B m (DB'*-2CBB'-A&) 1 (62) 

N=-(AB+CB') 2B m (DB'*-2CBB'-AB *)-• (6 3) 

B = J3(£>B'*-2C5B'-^fi*)-* (6 4) 

S = -B'(DB'*-2CBB'-AB*)-*, (6 6) 

F = D m (66) 


Differentiating ■=- with respect to i 

0p 

obtain 


[(flif' + - (R'M + *#)] ^ - R ~ = 0 (7.1) 

dp 

Similarly, differentiating ~ with respect to p and with reepeot to r and equat- 
ing we obtain 

[ IRN ' +1 VS) - {S’M+SN )]F-S < ^- = 0 (7 2) 

dp 

Calculation shows that 


(RM'+MS) - (R'M+RN) { RN'+NS ) - [S'M+SB) 
R ~ S 


(mB'-reB)* 


[( — m 2 B* + 2mnB' — »*5) 


■f B’(mm' +nm — 2iirrc) 
+2J(nri+»'wi— 2nm')] , 


(8.1) 
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m = (DB'—CB), n. = (CB'+AB) (8 2) 

Thus (7 1) and (7 2) reduce to one independent equation From (7 1) we obtain 

dF 

dp (RM'+MS)~(R'M+RN) . (9) 

F R 

Since ^ ' F is by hypothesis a function of p alone, it follows from (9) and (5 2) that 

( 101 ) 

where a is arbitrary Thus we have obtained one of the necessary conditions 
By substituting the values of 

3r dt 
dp dp 

from (6 1) in (5 1) we obtain 

A = AM*-2CMN-VF* (11) 

Since by hypothesis A is a function of p alone we obtain from (11) and (5 2) 

AAf*—2CAffl -DM* = P(B*) (10 2) 

as the second necossary condition (10 1) and (10 2) is a set of necessary oondi 
tions (Vaidya, 1946) 

3 Sufficiency of Necessary Conditions 

The conditions obtained in the last section will now bo shown to be sufficient 
For the line-element, 

da* = -Adr*-B(d6*+*u>*8d4,*)+Ddt*+2Cdrdi, 
where A, B, C, D are functions of r and t, let it bo assumed that 
(RM'+AfS)-(R'M+RN) 


A M *-2CM M ~DN * = P(B * ) , 

where M, N, R, 8 have been defined by (0 2) to (0 0) Defino a function F ( x ) by 


Next consider a transformation defined by 

It can be easily verified that 

dr JB_ ft 
2 B* dp + 2B* dp 


,(16 2 ) 
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these give 

P*=B (17) 

The transformation is consistent as can be verified by dSSfcttshtiating^ = M 

with respoot to r and ^ — N with respoot to /> and equating the two values 

d*r — 

of so obtained This oquahty is ensured by our definition of F The law of 

transformation of tensors gives the transformed lino element as 

(fe2=-/3(p)dp*-p*(d02+8ms 0<ty*)+(F)*dri, (18) 

where F is given by (14) This w clearly seon to be a static line elemont Thus 
we have shown that the conditions are sufficient 


4 Proof of Birkhoff’s Theorem 
Consider a line-element 

ds*= -Adr*-B(dd2+am*8d42)+Ddt*, (19) 

where A, B, D are functions of r and t and which is a solution of Einstein's field 
equations for empty space Hence we have 


TJ* — 0 

TV, 1\\ T t * equated to zero give (Tolman, 1934 a) 
1 BD , 


°G 


BD 2 — 4 DB i 

« + m + M J- 


1 B^_ 1 B'D' 1 1 

~lAB* + 2ABD Bj 


2\_B* + 

spH B '* a. 1 B ' A \ X AB x 1 32 j. 1 1 
5 = AB l 4 Tm + 2 BAS + 2 ABD + 4 -m + B] 


( 20 ) 

(211) 
(21 2) 
(21 3) 


The necessary and sufficient conditions become for this line-element, 


^£j^[-2AD{B-B*-2B'BB’+B B '»} 

+B'{B' S DD'+BB\AD—2AD)} 


4 APB 
DB't-AB* 


+B{BB’(A'D-2AD')+B*AA}] = a (B*), 
= /3 (&) 


(22 1 ) 

(22.2) 


On substituting the values of B", B' and B given by equations (21) in the 
following 


3 1 

[■ 4ADB 

]b a l 

[ 4 ADB 1 

dr | 

L DB , *-AB*. 

r dt | 

Ldb'*-ab*J 


(23) 
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we find that it beeomes an identity Hence (22 2) is satisfied On substituting 
the values of B ", B', B in the left-hand side of (22 1) we find that it reduces to 


A 4 APB \ 

2B ^ DB'*-AB V 


(24) 


Hence (22 1) is also satisfied 

Thus the necessary and sufficient conditions being satisfied all solutions of 
Einstein’s field-equations for empty space which are spherically symmetrical and 
which are of the form 


da a = -Adr*-B{dO*+ sin* Odj^+Ddt*, 

are stationary Thus another proof of Birkhoff’s theorem has been given (Tolman, 
19345, Einstein and Straus, 1946) 


5 Concluding Remarks 

In the course of some recent investigation it was necessary for us to verify 
whether the following line-element is stationary 

d* 2 = + Br *) - Hdxz + dyt + dz *) - \ - A + l r ^ (25) 

where A and B are arbitrary functions of t The above set of conditions (10) 
enabled us to show that it is stationary and the transform (3) for this reveals that 
it represents flat space time The results obtained here should bo of use in inves- 
tigations of spherical distributions where it is necessary to know whether a non 
static line-element is stationary and if so to what static form it is transformable 


References, 

Einstein, A and E G Straus ( 1 V4tt) Review* of Modern i'kyttra, 148-1 SO 
Tolmon, R C (1934n) Relativity, Thermodynamu* an<l f'oxmoloyy, 254 257 
Tolman, R 0 (1914ft) Relativity, Thcrmodynamiei ami Coemolagy, 252-253 

Vaidyo, P C (1945) Jourrytl oj the Unwerttly of Bombay 14, 4-8 




ON THE 8UMMABILITY OP THE CONJUGATE SERIES OF A 
FOURIER SERIES BY LOGARITHMIC MEANS 

By M L Misha, Udaipur, India 
(Communicated by Dr B N Prasad ) 

(Received October 10 , read October 18, 1946 ) 

1 Let 

(11) ^ (&■ 008 nO—a n sin nd) 

be the conjugate series of the Fourier senes associated with a function f(9) which is 
integrable ( L ) over the mterval (— it, w) and defined outside by periodicity The 
‘conjugate’ function associated with the senes (1 1) is 

(1 2) 7(9) = i J'l /«?+/) -/(9-<) } cot ~ t dt, 

the integral being a Cauchy integral at the origin 

Prasad* proved that if tho function f(d) is bounded, the conjugate series (1 1) 
is summable (C, 8) for every positive 8 to ~f(8) wherever the integral (1.2) exists 
This theorem of Prasad was in a certain sense extended by Hardy and Littlewood t 
in tho form of a simple necessary and sufficient condition for the Cesaro summabih- 
ty of the conjugate series corresponding to a bounded function as follows — 

Suppose that f(t) is bounded in tho neighbourhood of t = 0 Then the 
conjugate series of f(t), for t — 0, is either summable by Cesaro means of every 
positive order or summable by no Cesaro moan A necessary and sufficient 
condition lor the summability is tho convergence of the integral (1 2) 

Now there are simple bounded functions for which the integial (12) is not 
convergent For example, let 9 = 0 and let an odd function f(t) be defined m 
(», n) by 

[/(0)-0 . 

(1 3) \ f(t) = j tan~< sinolog , for0<<^l, 

( =0, for 1 < 1 ir, 

and by periodicity elsewhere Then the integral for f(0) osullates between 0 and 
- m the neighbourhood of t = 0 and the conjugate series for this function f(t) is not 

summable (C) This series is, however, summable by Riesz’s logarithmic means of 
order umt£ as we shall see later 

Definition — A senes 2 c 9 is said to be summable by Riesz’s logarithmic means 
of order A >0, or summable (R, k), to the sum s, provided that 

H)*'- 

tends to a limit s as w -*■ co 

* Prasad, 4. t Hardy and Littlewood, S 
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The problem that naturally suggests itself is to find some general theorem, 
concerning Rieszian summability of the conjugate series of a bounded funotion, 
which may be of the same typo as the theorem of Hardy and Littlewood given 
above Theorem A, which we prove below, oovers a class of functions much wider 
than that of bounded funotiona and is quite of the type de&ft&l In what follows 
we use logarithmic integral means which are more general than fractional integral 
means of a function 
Let us write 

m = l g(t) = i j m cot \tdt-s , 

("»*)* '^u dv ’ “> 0, 

to® - 1 m 

It is known * that 

= 7^) j ( ,0 8 “) * ? >° 

Accordingly we have 

0«+iW-J 

and we define 

?«(<) = -<^«+i(0» for —1 ^*<0, 

so that 

Theorem A IM 

(16) J I ?«-,(<) I 0 j l^log^ [.«>(», 

and 

O 6 ) 0o.(O “0 { (fogj) 

as t -> 0 Then a necessary and sufficient condition that the conjugate series (1 2) be 
summnbU (B, «+l) for tm>6tothe sum s is that 

0.7) ff«+,W-o{ (logy) j, 

ast-+ 0 

An analogous theorem for Fourier senes was given by Wang f for integral a. 
He has also shown | that if the condition (1 7) is satisfied, the conjugate senes is 


* Wang, 7 


SB 


t Wang, 0. 


t Wang, 8 
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summable ( R , a+2) and conversely if the conjugate senes is Bummable ( R , a+1) 
to the sum s, then 

0«+2(<) = oj (loRj) ]» 

as 1 -*■<). 

The case «»0of Theorem A gives a simple, elegant result, namely 
Theorem B Let 

(18) J | 0(«) | du = O^t log ^ , 

and 

(1 9) g(t) = o^log^ , 

as l -*• 0 Then a necessary and sufficient condition that the conjugate senes (1 2) be 
summable {R, 1 ) for t — 6 to the sum s is that 


(110) J ^d*-o(log|), 

as <-*0 


The condition (1 8) is satisfied wherever ifi{t) «= O^log^ and in particular when 

f(t) is bounded near t — 0, and the condition (1 9) holds in partu ular when g(t) is 
bounded 


A result for Fourier series analogous to the Theorem B was givon by Hardy 
and generalised by Takah&si and by Bosanquet and Offord * Theorem B can also 
be deduced from a theorem of Bosanquet and Offord 

In § 3 wo find a necessary and sufficient condition for the summabihty (R, a+1 ) 
of the conjugate series In §4 we prove Theorem A We show in §5 that the 
conjugate series for the function /(() defined by (1 3) is summable (S, I) to the 

sum - although, as previously remarked, it is not summablo (C) In §6, we 

construot an example to show that the holding of only one of the conditions (1 8) 
and (1 9), namely 

g(f)»o^Iog^ 9*o(I) 


is not sufficient to ensure the summabihty [R, 1) of the conjugate senes 

1 am much indebted to Dr B 1)1 Prasad for his kind interest and advice in the 
preparation of this paper 

2 We shall make use of functions S t (t) defined by 


m - 1 (iogi) sin tudu *= 


sin udu, k> — 1 


Hardy, 2 j Takaliasi, 5 j Bosanquet and Offord, 1 
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It is known that * 

(2 1) 


5{*Aw}-Ma-i(<).*>o, 


(2 2) ^+.+i(0 = 


r(f+«+2) 

r(r+i)r(*+i) 


Wo shall also require the following lemma — 
Lemma For a>0, 


f £,(«/) (jog du, r 

j 0 

[■ 


g(ty%(<»t) dt = r(*+ 1 ) j g a (t)S 0 (oii) dt 

_ r(»+ 1) ( 


->fW 

Jo 


This has also been shown by Wang j- 

3 Wo may make the usual simplifications, supposing that /(<) is odd and that 
0 = 0, a = 0 so that 


-/(<) and g(t) m 


"w J /W c ot \ tdt 

■ ^ /(Ocot|<(l-<os <u <)d<+o(l) 

■ [—(1 —cos a><)g(i)]y+w J g(t) sin u»<eft+o(l) 

= «» I g(t) sin arf<ft+o(l ), 

Jo 


as to -> oo And for k >0, 


«*(«) = 2 ( log ^) b ' “ ( log ^) 
“*j, ('"**) '''j, 


— fcj ?(0 dt J (log|^ am a:f<&r+o{ (log to)* 


g(l) sin xldt+o{ (logo*)*} 

} 


Wang, 7 


t Wang, 8 
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“fcj* 9(t)<R J ^l°g — ^ sin xldx~k\^ g(t) dt J ^log ^ 8 

■•fctuj g(t)Sh-\{<ot)dt+0 j(logto)* 'J | g(<) I d* | +o{ (log to)* 

- | g{t)Sk-Ao>t) <«+<>{ (log «,)* } , 

as m-r oo, g{t) boing mtegrable (L) in (0, -n) Hence 

**<"> " (KgSj» Mw) " J cH +°( 1 ) 

Putting k a a+1, wo have by the lemma 


in xtdx 
+o{ (log to)*] 


*«+,(«) 


(log to) M+i r 
(a+l)to J o 

n«+ 2 ) r 

(log «o)“ +1 J o 


gWM)dt+<* 1) 

&*(*) 1 04 tl<+o(l) 


jTAji# the necessary and sufficient condition that the conjugate senes be summable 
(R, a + 1) at t — 6 to the sum ststhai 

< 3I » f».wi=sp*<#-. {<><*.>•♦■>. 

Jo 

OB to -► 00 

4 Proof of Theorem A 

(i) To prove that the condition is sufficient, we have 

f „ lts 1 — ' 008 cot j, 1— cos to< Jt , f* ff«(0 j, f" tJi 

9aU) - f dt=i I g Jt) <fc+ — -dt~ —co ewtdt 

Jo J 0 J A/to J A/to 

(41) = I+J—K, say, 

where A is large but fixed Now by (1 6) 

U2) /.o(.| / | g a (t) | dt) - o { to £(log jj | - o{dog to)* +1 } , 

as to -*• oo By (1.7) 


(4.3) 


l( l0g x) | “ o{(logw)“ +1 } 
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Also g a {t) being an integral for Xfw <,t<^-n, we have 


(4 4) 

And by (1 6) 


(4 5) 

Also by (1 5), 


1 » , w . , 1 f sui a>l ,, , 1 I sin mi ,, 

— j-sin Ag B (A/a»)4-- 

J A/o» J A jit> 

{(log <v)“ +1 }+*!+** 

= o{(loga>)* +1 } 


1**1 I ?«-.(*> if 

- z j i ».-,«) i*]’ +|f {[ 

"°(;) + j; i"!( los “) Kjj’K'"'*) I* 

(4 6) =o(l)+^oj(log w )“ + ’j, 

as co -> oo 

Henoe combining the results from (4 1) to (46), we have 

I 1 — oos cat , , 1 , 

9xd) - t dt = o { (log «)«+* } + a °{log w)* +1 } 

J 0 

= o{(log «*)«+'}. 

if A-*co after oi-s oo This, by (3 1) proves the sufficiency part of Theorem A 
(ii) To prove that the condition is necessary, we assume (3 1), that is. 


(4 7) 


f ... 1— cos wi , 
»«(*) \ <*- 


o{(log w)* +1 } , 
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and deduce (1 7), provided that (1 6) is satisfied Now 

j* 9a W j “ 1^— ffa+i(0(l — coe to<)J +to J y a+1 (i) sin eutdt 

g 


= °(l)+«o I y a+1 («) am wtdl 


So we have, by (4 7), 


| 9a+ 1 (<) 8m “>tdt -» o 1 , 

take 

w«)~2 6 » ( * +,,8, 


as io~± oo. 

Also alter Hardy,* we take 


for then 


as »-*> oo Now 


*« |a+ " “ ~ J «a+itO em nt - o J'— j , 




■ 2 ,/2 + 2 t.'**" 1 .-""-* 

,<i , £ i 

■ 2 ”{“j +2 

»<i 

■•K*sn 


7 1 *.+,<*>#- ^W+lJ »«(*! 


| - f« +I W+i I 

Or, by (1 6) 


Hardy, 2 
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Hence 

^ + i«)-o{(logj) }, 

as <-+(), which proves the necessary part of the theorem 
5. The conjugate series for the function /(<) given by 

(1 3) is summable (R, 1) to - For 


as <->0 ..Also 



0|(O “** - ©(log J) , 


and M-0{ 1), 

as <->0 Thus/(<) satisfies the conditions of Theorem B with a — ^ 
6. We shall now give an example* of a function /(<) such that 


9 {t) = ~ | m cot | t<U-o = .(log i) * o(l), 

but the conjugate series of the Fourier senes of f(t) is not summable (F, 1 ) to a 
We take 9 — o, a — o, =* J{t) = an odd fun« tion 
Example We choose sequences {f M } , {A,} and {c„ } such that 

2 ><!><*> • > (,">0, 0 •< Aj <C Aj| < . <A,-+oo 

and 

c _ log A, 

Vlog (4n + l) ’ 

and we take 

A, -15.9... (4r+l), 


The corresponding example for Fourier senes was given by Wang, 7 
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We define an odd function /(<) in (a, ir) by 

r/w— o 

]/(t) bs —c,A r tan ^sinA,*, for t r <t£t r -x, ( r = 1, 2, 3, ), 


(6 1) 


and by periodicity elsewhere 
Then 


f(t) = 0, for^cl^TT 
lsewhere 

J |/(t) | dt = e r A r | tan^ | sin A,l | 

]f-i 


= C X 


A Jk | dt 


= ()(-£ J u | sin u | duj 

1 

H£ r(2r+,) } 

-1a4- 4 }.- 

J i/«)i*= j + t + j, + ,t,°( , 59 , "(S--T5>) 


so that f(t) is integrable (L) in (0, n) 
Also for r =« 1, 2, 3, , 


J /(«) ooti«rfu = — c,A r J sinA^dl = c r £(os A,iJ 

$ 


p-i 

k 


Henoe if t r < t ^ < r — 1, then 


g(t) = - /(«) cot - du 
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f(u)ooi~udu 

«* — - 0 , 008 \JL 

And 

I 9(1) I ^ Cr log A r 1 inf| , 

log I l°gl/«r-i y/\og(lr+\) i 0B 2A --i 

as r -> oo so that g(t) *=> o^log ^as t->-0 

Now from (3 l), the necessary and sufficient condition that the conjugate 
series of the Fourier sones of /(<) be summable (.ft, 1) to zero is 



di — o(log o>) 


Wo shall now show that as w takes successively the values of the 
sequence {A r }, 


log A, 



1 —oos A,f ,, 
— — * 


is not o(l ), but tends to infinity as r-*- oo 
For 



+2 r >-2 r -^- 


<= I+J+£+L, Bay 



Now 
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-J / J/'-w? 

it 

1 f 2 ^ 1 1 + 008 2 \ji j 

■£*J — r- rfJ 

2A, 

r(4r+l)Tr 

C r , A, , C, (.OHM , 

= 2-; i0 8A-^ + ^J ff 


J log A,_ 

2w V log (4r+l) 


log (4r+l)+0(c r ) 


= ^ lo 8 V lo g (4r+l)+o(log A r ) 

H*+0~ 

2 1 f cos « . 


3T* 


-iu-r 


COB udu, ^ <«*<|(4i+l), 


log 


- ,2 204(1 - ,,n •'*> - 2 2(1 - **> vi.. gl « T n ■ 

bo that K is positive Again 

1 - }'* ' M' iZ r' u - 2 

I f A *~ 1 <oh (1,— A*)(+c«a (>,+!*)( ^ 

“ r ’.4,"*L 
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= 0(logA,_ 1 )=«o(logA,), 

rs r-+ oo 

Hon co combining our results we have 

i^r r f Vi5W+i)+»(i) 

J o 

->oo , as r-+ oo, 

which proves that the conjugate senes for the function f(l) defined by (6 1) is not 
summable (R, 1 ) although 
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MODULAR EQUATIONS AS SOLUTIONS OF ALGEBRAIC DIFFERENTIAL 
EQUATIONS OF THE SIXTH ORDER 


By S Chowla 


(Communicated by Sir S S Bhatnagar, F R S ) 
(Rend January 17, 1947 ) 


In a recent paper (reviewed in Mathematical Reviews, Vol 7, p 243) I pointed 
out how identities of the Ramanujan Rademachor-Zuehorinann typo can bo proved 
by showing that both sides of the identity satisfy the same algebraic differential 
equation 
Let 

'* f 2 d< f> 

Vl-^ sin*^’ K '~ 

■I el 

** | d* 

y/l—l* rni 2 <f ’ J y/l-V*wufl + 




where 


/c*+le'*= l, l*+i' 2 = 1 If 


(1) 


U A' 

L “ * A 


where n is a positive integer, wo have 

Vhl+\/W=\ (n = 3) 

■^kl+^FF-l (n = 7) 

such algebraio relations between k and l are called ‘ modular equations’ The 
object of this note is to point out that the ‘ modular equations’ are solutions of 
algebraic differential equations of the sixth order 
Write 


£ = J A' = J* V'-v 

j' Vl-Z* = J 


V 1 — F* sin* <f> <i<f> 
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Then we have 


(2) 

EK'+KE'-KK' = | 

(3) 

LM'+ML'-LL’ = ~ 

(4) 

dK E-k’*K 
dk = ***«' 

(5) 

dE E-K 
dk ~~ k 

(8) 

dL M—l' M L 
dl ~ W * 

(7) 

dM M-L 
dl ~ l 


Differentiating (1) 0 times with respect to k and using (2), (3), (4), (5), (6), (7) 
to eliminate K, K', L, I?, E, M from (1) and the 6 equations obtained by differen- 
tiation, we get 

Thfomn // (l) ii true then 


m d*i <m d*i <m <jn\ 

1 \ ’ ' dk’ dk ** die*' dk *’ die*' die*) 


= 0 


where f(r 1 , x a , , x H ) denote a polynomial m the x's with integral coefficients depend- 
ing on n alone 
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ON "SERIES OF THE LAMBERT TYPE WHICH ASSUME IRRATIONAL 
VALUES FOR RATIONAL VALUES OF THE ARGUMENT 

By S Chowla 

(Communicated by Sir S S Bhatnagar, F R S ) 

(Read January 17, 1947 ) 

Let 

R?- 

0{x) = Z\=7' nn T’ 

where | x | < 1 It is not unlikely that /(x) and g(x) are irrational when x is a 
rational number different from 0 I am unable to prove anything about f(x), but 
I ean show that g(x) is irrational when x is a rational number of the form 1 ft where 
£ is a positive integer >5 
We have 

Lemma 1 We have 

1 +4p(x) = ^ r< ' n ) x " 

where r(n) w the number of representations of n as a sum of two squares 
This is well-known 

Lemma 2 /jet* denote an arbitrary positive number and m an arbitrary positive 
integer Then w can fiml an integer x such that 

(i) r(x+*)=0 for 1 <t<m 

<“> -><»-> 

for all m >m 0 («) 

Proof Let q m denote tho with prime a 3 (mod 4) Then the system of con- 
gruences 

x+1 a q t (mod y, s ) 
x+2 a q 2 (mod g a ») 
x+m a q m (mod g„*) 

is soluble, and in fact with 

?i*?i s ?•* 

Now from the extended Prime Number Theorem, 
q m ~ 2m log m 
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log x ~ 2 log t ~ 2m log n 

log log x ~ log m 

r U ^ 2m 

log log x 

so that for any e>0 and m>m 0 (c) we have 

* ' log log x 

Further r(o:+«) = 0 for l</<m 

since x satisfies the above m congruences 
Now it is known that 
Lemma 3 We have 

(1+ **loglogw 

r(n)<2 

where «>0, for all n>n 0 (c) 


Z, +i 

1 p+tp 

»=«l»r + l &r+l 

(l+ «) log * 

2 lo « l°B * «o ^ 

— +2 r 


log I log log I / 1 \ 

(OK+l ^ I ft* ) 


is a decimal in the scale of t 
Writing 


1 

-z+'l+S 

n « 1 *-H x+m 

-I.+2+2. 
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On account oi = 0 it would follow that all the decimal places of x from the 
(,r+l)th to the (x+/«)th are zero, had £ 9 not butted into this part of the 
decimal representation (in the scale of <) of S But roughly 


(1 +*) log ^ log •r 

log t log log x 


decimal places to the left of the (.c+//i)th decimal plates aio affected by 27 s on 
account of (1) Now 


(3) 


From (2) and (3) it 




log log X 


l e t > 5, 8 has a bloc k of at least 


^<1 

log < 3 


f \ log -A ( l -t) log x- 
k 2 log 1) log log x 


detunal places all equal to 0 Since 8 has au infinity ot decimal places it 
follows that 8 is irrational — Q E D 
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ON THE SIGN OF THE GAUSSIAN SUM 
By R, P Bambah and S Chowla 
(Communicated by Prof D S Kothan, Ph D , F N I ) 
(Received December 21, 1946 , read January /, 1947 ) 
It is a classical result due to van dor Corput that 
f 2m/(*) V' W("l 


dx- 


- 2 

•<»<* 


= rO i 


where f(x) is real, f\x) monotomc and j f'(x) | <J in («, b ) , 6 ,, fl 2 , 0 S , denote 
complex numbers whose absolute value does not exceed 1 Hence 






Further as pointed out by Estermaiui it is trivial that for odd lc 




7 ) 2 / 


id -*)(i +»*)«= ±7* 

Again by the second mean- value theorem (or graphically), for odd 1 >13, 


j 4 ^ y 


2M k a _ 
- 31 (*—l) “ 


From (2), (3), (5) 

Si(l-*)(l+i*)^0„+(l 


-d*-) _ 

0«+(H-I)V20r+d-*)| 

J o 


= e 9 +VV2« 8 +d-») 


P 
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Now, using (4), 

±^«(1-*W4 « r rf<+«.+-^0 8 



Making k-r-ao, it follows that 



so that (7) becomes 


(9) ±Jk = 2 Jk J sin ~<lx+(l + ~^jd v 

Now, since (graphically) 

^ V * = I s m ( r ) ^>0 

1 J » V* 

it follows from (9) that (again by making k-*- oo) 

so that 

09 ) ±^= n /^+( i +^)» 9 

Hence Ike + sign holds m (10) if 

-fe>(l+i^) a , le if *>49 

We have thus proved that the + sign holds in (4) whenever k (whi< h is odd) 
>49 By actual calculation wo oan show that the + sign also holds when £ <49 
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ON AN UNSUSPECTED REAL ZERO OP EPSTEIN S ZETA FUNCTION 


By S CnowLA 

(Communicated by Sir S S Bhfttnagar, F R S ) 

(Reru! January 17, 1947 ) 

Let (a = ct+»0 

[where the summation is for all integers x, y going from — oo to ■+■ co (r = jr = 0) 
being ox< luded)] and its analytical continuations Tt was for a long time considered 
likely that tho only roots of F{s) — 0 for 0<<r< 1 , satisfy a — $ (the analogue of 
Riemann’s hypothesis) Davenport and Heilbronn proved the existence of complex 
zeroes of F(s) — 0 in the half plane <r>l I prove the surprising result that 
F(s) = 0 has a real z^ro s with J < a < 1 for all large d > d 0 (d is a positive integer) 
Theorem For all d>d$ toe. have 

F(l — 8 ) = 0 

where the. real number tt eatiafies 

hm (*Jd) ^ - 

Proof For real s we have (Dciirmg) 

F(s) = ;<2 s ) + ) B . lri> +0 (, - 
Proceeding as in mi jiaper in Quart J of Math * (Oxfoid), l‘)14, it follows 

that 

F(l-5) = 0 

for a real tt satisfying 

a 

*~njd 
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ON THE HELIUM CONTENT OF STARS OF LARGE MASSES 

By U R Burman, Department of Applied Mathematics, University of 
Calcutta 


(Communioated by Prof N R Sen, D Sc , Ph.D ) 
( Received February 7 , read April 4, 1947 ) 


Abstract 

The effect of the assumption of a substantial proportion of helium together with hydrogen 
in tho composition of certain stars of largo musses has been worked out for the onergy generation 
law of Bethe It is found that tho problem of determining the hydrogen and helium contents 
in stars of largo masses with tho observed values of their muss, radius and luminosity, though 
mathematically soluble, does not in general load to a physically significant solution The case 
in which a physically significant solution may be expected is indicated m this paper 


1 Introduction 


This paper is a continuation of a previous one* (Burman, 1946) whero the 
internal constitution of stars of large masses with appreciable radiation pressure, 
was studied on tho basis of Bethe’s law of onergy generation The helium content 
of those stars was assumed to be negligible, it was then found that the Bethe formula 
of energy generation does not fit m satisfactorily with the mass-luminosity relation 
m these stars It seems therefore reasonable to study tho effect of helium on the 
constitution of these stars and it is the result of this Htudy that wo deal with m the 
present communication 

The models we consider here are of the convective-radiative type, and have 
assigned values for the ratio y e of radiation to gas pressure at the centre A 
number of point source stellar models for different values of y c have been constructed 
by Henrioh (1942), and we make use of some of them for our present purpose, in- 
troducing, however, the assumption that the energy generation in them is governed 
by Bethe’s law We consider a number of models for y c — 0 01, and 0 10 and for 
various values of X and Y, tho hydrogen and helium contents respectively , so that 
y c , X and Y serve as three parameters in these models, whereas in the previous paper 
we had y c and X only as the two parameters in tho models, tho helium content there 
being assumed zero throughout As explained in tho previous paper we make use 
of the approximate power law representation of tho exact exponential law of energy 
generation 

2 Thk Equations 


The equilibrium equations in tho convective 



the usual notations are 


d) 


and 


dM(r) 

dr 


4nr*p 


P P 


* Referred to hereinafter 


the ' previous paper’ 


( 2 ) 

( 3 ) 


VOL XIII — No 4 



180 TJ » BURMAN 


THE HELIUM CONTENT OF STARS OF LARGE MASSES 


where tho adiabatic exponent fj ib given by 


= /3+; 


(4— 3l)*(r— l) 
/J+12(y-l)(l-/S) 


Tn the radiative envelope, equation (3) is to bo replaced by tho equation 


(4) 


A 

dr 


(H 


Kp L 
r 4ur 2 ’ 


( 5 ) 


where the luminosity L is assumed constant in the envelope 
(Heniich, 1 942) is taken as in tho previous paptr as 


,,_ *o PT~™ 

10 9 

_ r «gpT^ 

100 * 



Tho law of opacity 


(A) 


where 6 — T/T ( , T f being the central temperature, and 6k, a certain value of 6 
in tho envelope region whtre the opacity changes 
The luminosity equation is 

L(r) = 4ir r*pt dr (7) 

with « == EXPT", (H) 


tho coofficiont E and the exponent n being suitably chosen ' 

We had m the provious paper chosen different values of E and n for different- 
values of y ( , and thin ohoice was made to suit the temperature conditions in those 
models 

It is now found that the introduction of a not very high concentration of helium 
and a varying concentration of hydrogen in tho models does not materially affeot 
the moan value of n for the corresponding ranges of icntral temperature We 
therefore retain in the present calculations tho pievious values of E and n for the 
same value of y c 

Introducing the variables 

r = &£, P = Pco, T = T c 6 


we obtain the total luminosity of tho model, ignoring the slight generation of energy 
outside tho convective core, as 


where 


KU yc) = 


(9) 

(10) 


being the interface between the oonvectivo core and tho radiative envelope The 
method of evaluating the integral I ({ t , y c ) has been shewn in the previous paper 
For a model with given y c , we have the following relations (Honrioh, 1942) 
between L , M, R, T v , p c and p, the quantities L, M, R, being expressed m solar 
unitB 


p 2 M = 4 420 y e ' 12 ipR 


( 11 ) 
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logp f = log^^+log^ s +0 149 (12) 

logr f -fi»66+logg+log^ (13) 

log L = 28 742 +log^°^^ +log(^^) , (14) 

where oc 2 , ip a-, Qt are known in terms of >/ r alone It is to be noted that the energy 
generation formula has not been used in the dei ivation of these relations 

The values of L as determined by equations (9) and (14) should agree and this 
requires that 

'**} 

- 28 742 + los(*i^) +!og(^) +1 log 1V-U* g 

—3 483+ log Lq (15) 

where Lq denotes the solar luminosity 

The opacity coefficient * 0 and the mean molecular weight y. are given by 

*o = 4 32x 10 26 (1+JE)(1 — X— F) (16) 

and / i = 2/(l+3A'+jy) (17) 

We now explain how the configuration is determined by y c , X and Y when the onergy 
generation formula is taken into account For given y c , equation (11) determines 
tho mass when X and Y are assigned Equation (15) now determines T c and the 
radius R is then obtained from equation (13) Tho central density and the lumi- 
nosity are then given by equations (12) and (14) respectively, so that the configura- 
tion is completely determined We s^w m the previous paper how y c and X, l o 
y (when Y — 0) alone determined the configuration Here, however, we do not 
put Y = 0 and therefore replace y by the two parameters X and Y The number of 
equations, however, is just sufficient to determine tho configuration when y , , X and Y 
are assigned 


3 Results of Calculations 

We have constructed a number of models for y c = 0 01 and!) 10 and lor different 
values of X and Y, the hydrogen and helium oontents respectively For each value 
of y c we tako Y = 0 10, 0 20, 0 30 and 0 40 and corresponding to eaoh value of Y 
the values of X taken vary m general from 15 to 45 per cent The stellar parameters 
L, M, R, T c and p c are calculated m each case according to the formulae in the last 
section, and the results are shewn m Table 1 As statod before, the coefficient E 
and the exponent n in the energy generation formula are taken to bo different for 
different values of y c and their valuoH for a given y c are taken to be the same as 
those in the previous paper We shall now see how it is possible from a study 
of these results to calculate y n X, Y , T c and p c for a star whose L, M, R values are 
observationally known 
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Tabw I 


Luminosity, Muss, Radius, Central Temperature and Density of Confiqurntions with assiqned y c 
( ratio of rtuluUtan to qas pressure at the centre) and composition 



From Table I, we construct a mass-luminosity diagram for each valuo of T 
and the corresponding values of y c and X as in Figs 1 -4 Kacli diagram consists 
of two sets of curves y c = const and X — const We also plot log lljR q against 
X for eaoh value of f as in Figs 5-8 
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Thu variation of radius with X for F»0 1,02 0 3, 0 4 and V 6 = <> 0 1 and 0 1 


These curves would enable us to calculate in tho manner explained below, y c , X 
and Y for a model when tho values of L, M and R are assigned The t entral density 
and temperature can then be obtained from the equations (12) and (1.1) respectively, 
the quantities a* and tp K for a givon y c being obtained by interpolation from 
Hennch’s (1942) values 

The position of a star in each of tho mass-luminosity diagrams would give by 
interpolation the values of X and y c corresponding to the different values of Y, that 
is to say, if we assume a given helium content m the composition of a star of given 
L, M, R, the position of the representative point of the star m the mass-luminosity 
diagram corresponding to tho assumed value of Y, would give us a value for its 
hydrogen content X and a value for the central ratio y c of radiation to gas pressure 
A further interpolation in the R-X diagram for the appropriate Y would give for the 
radius of the star a value which is not necessarily the same as the observed value of 
the radius In this manner wo obtain different sots of values for y c , X, Y and R 
for the same L, M valuos of a star Interpolation between these sets of values for 
a definite value of R (winch is the observed value of tho radius of the star whose 
L, M-v alues we have taken) would now fix the parameters y c , X and Y tor the star 
considered Tho procedure is as follows — 
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Consider, for example, any one of these sets of values, say y c ', X', Y' and ft' 
We note that for the given L, M and R' as parameters, only the simultaneous set of 
values y/, X’ and Y’ is possible, as this set is the uniquely determined solution of 
our equations for the given L, M and R’ This will be true of every one of the (four) 
sets of y c , X, Y and R determined by us, corresponding to given L, M - values This 
being the situation, the values of y c , X and Y for some intermediate value of R can 
bo easily obtained by a one-parametno interpolation The central density and 
temperature would then be obtained fiom equations (12) and (13), so that all the 
parameters of the star are determined by its L, M , ft- values From this ]w>int of 
view wo have here examined some stars of Kuipor’s tablo considered in the previous 
paper and the results aro shewn in Table II 

Tablk II 


Solutions for X, Y, y c , T c and p e for some stars whose L, Si, R values are known from observation 


Star 

log A/ 1'0 

log M/o\ 

log R/Rq 

X J r j j, j Pe 10-4 j 

Ps 

„ A ,„ A 

i os 

0 82 

1 20 




1 90 

0 52 

0 82 

> no physic ally Higmhi ant solutions 


0 Aur A 

1 83 

0 38 

0 43 


( C Ma A 

1 48 

0 41 

0 28 

0 40 | 0 20 ] 0 013 28 4 

35 0 

* C M» A 

1 59 

0 37 

0 25 

0 45 0 45 0 015 24 8 

24 2 


The brat 3 stars correspond to the case Robt > Reals (for Y — u) us may be soon from 
Tablo II of the previous paper The other two correspond to tho c wo Robs < Reals (for Y 0) 
It is only in the latter case that a physically significant solution is possible 


4 Conclusions 

It will be noticed from Table II of tho previous paper that for an assumed 
Aero helium content it is not possiblo to so choose a hydrogen content as to obtain 
an agreement in the observed and calculated values of L, M, ft of a star m which 
the effect of radiation pressure is not negligible and in which energy generation takes 
place according to Betho’s law Wo have m this paper attempted to obtain the 
desired agreement in the calculated and observed values of L, M, ft of a star in 
which energy is generated according to Botho’s law, by introducing a suitable pro- 
portion of helium into its composition 

It is found that the effect of introducing helium into the composition of a star 
of given L, M is to oause a decroase in the calculated value of its radius as com- 
pared with its value calculated on tho assumption of Y -- 0 It is therefore not 
possible by giving suitable values to the helium oontent (F) to obtain an agreement 
between the observed and calculated values of L, M, ft in the ease of those stars 
where the observod radius is greater than that calculated on the basis of F — 0 
This will be clear from Table II where tho desirod agreement has been obtained in 
the oase of only two stars for which R 0 < ft„; c (with F = 0) Tho other stars 
of the table correspond to tho case R 0 b, > R„u (with F = 0) and no agreement 
has been possible in their cases with any physically significant values of X and F 
It is thus permissible to oonolude that Bethe’s law will not generally oxplain the 
generation of energy in stars of large masses 

This result is of considerable importance in deoiding whether a star of large 
mass with given L, M, ft can be supplied with energy according to Bethe’s scheme 
Our previous paper gives a simple method of calculating the radius of a configuration 
of given L, M and zero helium content, assuming that energy is generated within it 
according to Bethe’s law Unless the calculated radius is huger than the given 
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radius of the configuration, we may decide that Bethe’s law will not bo applicable 
to this configuration 

It has, however, been shewn that so far as accurate observations go Bethe’s law 
satisfactorily accounts for the energy generation m stars whose masses arc m the 
neighbourhood of the solar mass 

The author takes pleasure in acknowledging his indebtedness to Professor N R 
Sen for valuable disoussions and ontioisms during the preparation of this paper 
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ON THE SELF ENERGY OF THE ELECTRONS 


By R C Majitmdae a tut S N Guita, Department of Physics, 
University of Delhi, Delhi 

{Received November, 1940, read March 7, 1947 ) 

Summary 


Ttio self mercy of nn pl«tron in motion ih invoxticntnl from quantum electrodynamics 
In the first til title tho intomi tiun onorgy of an electron with electromagnetic field is given and 
in the second and third articles the evaluation of the dynamic and static self energies is under 
taken The divergence of tho self energy m tho hole theory is logarithmic whioh is shown to 
lie due to tho syininetrisation in tho behaviour of tho electron with respect to emission and 
absorption of photon in its initial state 


Introduction 

Tho self-energy of an electron is its total energy in free space when isolated 
from other particles In tho classical theory of Lorontz where the electron is 
considered to have a finite extension over which the total charge is distubuted the 
self-energy includes besides the energy of its mass also tho interaction energy 
between the different charge elements of the c loctron integrated over its volume, the 
intti action taking place via the electronmgnetio held produced at oach punt of the 
electron by its other parts In tho first approximation when the retardation of the 
electromagnetic field inside tho electron is neglected we obtain the usual electros- 
tatic self energy, l e , the energy whioh is required to keep the different parts of tho 
charges of the electron together and this tends to infinity in the limit for a point 
charge In the higher approximations the self energy is due to tho self-force which 
arises because of tho retardation of the electromagnetic field inside tho electron and 
contains terms the first of which is independent of the struoture of tho electron and 
is the usual radiation damping, the second and the highor approximation terms on 
the other hand can be expressed, particularly for tho cose of a simple osoillator, 
as a series in powers of r 0 /A where r 0 is the radius of the electron and A the wave 
length of tho omitted radiation Thus part of the self-energy therefore vanishes for 
a point charge In the quantum theory where the olectron is considered to be a 
point charge the self-energy which has been calculated by Waller (1930) Oppenheimer 
(1930) and Rosenfeld (1931) exhibits also the strong divergent character tending 
to infinity It has been therefore argued from the idea of the correspondence 
principle that this infinite self-energy is due to our assumption of a point eleotron. 
But it has been already emphasised by Bhabha and Corbon (1941 ) that the infinite 
self-energy in the theory of Lorontz hos in his assumption that a point eleotron 
can lie considered as the limit of a finite electron in whioh the charge is distributed, 
the work whioh is required m compressing a finite charge distributed over a finite 
volume into an infinitely small volume against the electromagnetic forces being 
infinite Dirao (1938) and Pryoe (1938) and more recently Bhabha and Harish- 
Chandra (1946) havo shown that it is quite possible to construct a soherae of point 
electron in the classical theory from which the infinite self-energy can be eliminated 
in a relativistio invariant way But unfortunately the scheme m some cases leads 
to solutions which are in conflict with the physical ideas (Eliezer, 1943) It has 
however not boon possible as yet to develop an analogous scheme of Dirao for 
removing in a relativistio invariant way the infinites whioh appear m the equation 
characterising the eleotron m quantum mechanics in spite of the fact that it is treated 
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as a point Dirac’s (1942) new method of held quantisation by introducing the 
A-limiting pioccss and the negative energy photons to ensure the convergence has 
also its \ alidity within a limited scope The A-limiting process fails altogether in 
the hole theory which alone satisfactorily accounts for the oreabon and annihilation 
of electron-jiosition pair (Pauli, 1943) It has further the dratvbhok that it does 
not lead to the radiation damping which is so significant, particularly in the Hold 
theory of meson The discussion of these problems from Dirac’s quantum eleotro- 
dynamicB will he taken up m detail in a subsequent paper It is to be noted that 
the strong divergent character of self energy for an electron m quantum rueohamos 
m the original one electron theory of Dirac, in which it is assumed that all the 
negative energy Htates are empty, is obviously due to the emission of very high 
energy photons in the intermediate states and lies more in our assumption that the 
eleotron in the initial state can only omit but not absorb the photon But the self- 
energy in the hole theory is given by the difference of the self-energy of the electron 
in the positive energy when the negative energy states are oooupied and that of the 
vacuum electrons filling up all the negativo energy states The mtroduction of 
vacuum’s contribution is just equivalent to allowing the electron also to absorb 
the photon in the initial state and it is this symmetrisation m the behaviour of the 
eleotron that reduces the self-energy to diverge only logarithmically In the piesont 
paper wo shall give a stiaight- forward calculation ot self-energies for a moving 
eleotron fiom quantum electrodynamics The calculations of self-energy wore 
also undertaken by Wewskopf (1934) by following closely the method of olassical 
electrodynamics, his results, however, remained incomplete due to some over- 
sights in the calculations 


1 Interaction energy of the electron with the electromagnetic field 

The Lagrangian of the Dirac eleotron in the eleotromagnotio held is given as 
usual by 

L = (1) 


with 

and 


a t </>*/!, y* = — 1/3«*, y 4 = jS, L = 
_d4 1 3 ^ 
dx. 


(i) 

( 3 ) 


where <f> is the wave funotion of the electron, a, 0 are well known Dirac’s matrices 
and ^ is the 4- vector potential of the field with 


<t>h = A/,, <f>h = tA 0 , n,v = 1, 2, 3, 4, and k =* 1, 2, 3 
Further b\k = *Eh, i, F n = U 


( 4 ) 

( 5 ) 


E and H being the electrio and magnetic fields It is to be noted that the electro- 
magnetic held here indudes besides the field which is produced by the eleotron 
itself due to its motion and spin, also the held due to the Zero-point fluctuations of 
the radiation field 

The Hamiltonian funotion can be readily obtained from the Lagrangian given 
by (i) ‘ ' " 
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- 1 '^+ <» 

or expressing in terms of electric and magnetic field strengths we obtain 

H = | +/fcnc*j^+ef4 0 f-^4 0 div E+— (l^+H 2 )]* (9) 

— H,+Hf-\-Hd~\-Bs ( 10 ) 

where H, and Hr are the usual Hamiltonian for the electron and the electromagnetic 
field, and Hu and H s are the interaction energies of the electron with static and 
dynamic part of tho field, the expectation values of which are the self cut rgies 

H u = -ejf(aA)>l>dr (11) 

H s = — ej {ili'(a.Ai)>li—tl> , Ao>/>}dr ( 12 ) 

where A and A, are the transverse and longitudinal part of the tic Id 


2 EUctrodynamxc self-energy 

We now prooeed to calculate tho self-energy given by the interaction (II), where 



A = £ J 2j j~ e{C k e^ lh +C k ’e-‘M) 

(13) 

•and 

i/i = £ a(p) u(p) 

(14) 


P 


Here C k and C£ are absorption and emission operators decreasing and increasing 
respectively the number of photons by one a(p), a*(p ) are similar operators for 
the electrons Substituting these values in (11) we obtain for the interaction 
energy of the electron with the field ' 

H D = Z2 S-e fep! {<7*8(p-/+*)+<Y8(p-p'-*rt 

P p' k 'V * 

N(p')A‘(p')V(p')V(p)A(p)N{p)(u(p , )(m(p)) . (15) 

where N(p) and N(p’) give the number of electrons m the states p and p' A(p), 
A(p') are operators whioh operating on N(p), etc , change them to 1 —N(p) etc , and 
V(p) and V(p') are the Jordon -Wigner’s Vorzeichenfunotions given by +1 or —1 
according as the number of occupied states arranged in some definite manner before 
the state referred to is even or odd Now the expectation value of II t> is given 
m the first approximation by its diagonal matrix elements which is obviously zero 
Thus the self-energy is given by the second approximation of the interaction energy 

JPa-f ( 16 ) 

where the summation is to be taken over all the intermediate states 
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(a) Hole Theory 

The solf-onergy is given by the difference of the contributions due to the following 
transitions of the electron in the positive energy state and the vacuum electrons 

I The electron u(p Q ) emits a photon k in going over Ikr the state u(p 0 -k ) , 
it then absorbs the photon k and comes back to the original state u(po) 

E A -E I = E(p 0 )-ek-E(p 0 -k) . . (17) 

II The vacuum electron v(po+k) emits a photon k in going over to the 
positivo energy state u{p 0 ) , it then absorbs the photon k and comes back to the 
original negative energy state 

E*-E n - ~(E(po)+ck+lHp 0 +k)) (18) 

The self energy is thus given by 

W,>= W V u l+ -,-W lM 

i (tt(po)*att(po— fc))(u(p 0 — fc)Vtt(j> 0 )) 
k k \ E(p 0 )~rk—E(p 0 —k) 

(u(po)‘xu{p 0 +k ) ) (u(po + kYau(p 0 ) ) ) 

+ E(po)+ck+E{p 0 +k) i ( ) 
The summation is o\ er the spin directions of the electrons ns well as over all sorts 
of photons m the intermediate states Now carrying out the summation over the 
spins in tho intermediate states and averaging m tho initial states we obtain far the 
first term in the bracket 


SE(p 0 -k)E(p ( i) 


■Spx(E(p 0 -k)+H(p 0 -k)ME(p 0 )+H(p 0 )) 


Sp a(c(a, p 0 -k)+Pim 2 +E(p 0 -k))(x(c('ip 0 )+pmc*+E(p 0 )) 
(-4c*pc?+8c*(ep 0 )(ep 0 )+4e*(kp 0 )-‘im*c*+4E(p 0 )E(p 0 -k)) 


mpo-k)E(p 0 ) 

1 

mpo-k)E(p 0 ) 

Summing over tho polarisation of tho photons in the intermediate states with the 
holp of the relation 

2('P)(ep) = {pp)- pk) ^ . (20) 

the first term becomes 


Similarly for the second term m the bracket we obtain 

%E(fr)E(p 0 +k ) Sp a ^~ c(ot ’ Po+*)-P™ a +E<Jto+k)M<>(m)+PmE i +E(p< ) )) 

We now replaoe the summation over all the photons by integration and multiply 
thereby the expression (2) by which denotes the number of photons lying 
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within the solid angle dQ and within the range k and k+dk The expression for 
the self-energy thus becomes 


e«c r 

= 


(h+IJkdk 


■H : 


f mpo )E(po~k)+cH Po k ) 


E(p 0 )E(p 0 -k)(E(p 0 )-ck-E(p 0 -k)) 


Ek 

m 2 c* 

Ep 0 kc 


iEp 0 k*c* Ek ' r \2Ep 0 k*c* 

, E-kc-E + ' 1 

]0g E-kc-T-j 

2jrf (E 3 -E 2 kc+Ek 2 c 2 -kW)(E+ -E.) E+kc (E+kc)(E\-E\) 


a 


'U 


4Ep 0 k 3 c z 


Ek 

m*c 4 


12£p 0 fc®c 3 
S+te+E. 
g E+kc+E. 


E = o/pJ+mW, E+ = \/E 2 +k 2 c 2 +2c 2 kp 0 , E. = y/E 2 +k 2 c 2 -2c, 2 kp 0 
Whence we obtain finally 


(23) 


f r~E(p 0 )E(p 0 +k)+cHp 0 k ) +C ^/ oA) 

J (_ 12(p 0 )i?(p 0 +k)(/£(p 0 )+cl;-f fi(p 0 + fc)) _] 

On integrating over the direction of k wo havo 

(E*+E*kc+Ek*c 2 +kW)(E + -E.) (E-kc) ^(E-kc)(E\-E\) 


(27) 

(28) 


W D 



-(E*+k 2 c*)(E + -E ) 2c 
2Ep 0 k*c* + ¥ 


{E\-E\) 
QE Po k*c 2 


, «V 
Ep 0 kc 


E*-(kc+E + )* \ 

E*-(kc+E.)‘S 


(29) 


The expression is sufficiently complicated for interpretation Wo oan, however, 
evaluate it when the kmotio energy of tho electron is small compared with its rest 
energy We have then 


W d a 


Lt [j 


Lt C 2fc 2 — cifc V^+W+m^log— ' 


fe+Vff-fW 


me 2 


-po*c* 


,4. kc+VE 2 +k*c 2 , 

[§ log SSi + 


jfcc 1 k*c* ) "1 


(30) 


“ 2 ^? nci ( 1 -?Sr*)*ii Iog ^ + fimte termfl (31) 

This approximate result has been given also by Weisskopf The self-energy diverges 
only logarithmically, 
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(6) Original Theory 

It may be of some interest to doduoe the expression for self-energy in the original 
theory of Dirac where it is assumed that all the negative energy states of the electron 
are empty Wo have the following processes to consider — > - a _ 

I The same as before 

II The electron u(p 0 ) omits a photon k in gomg over to the negative energy 
state v(p 0 -k ) , it then absorbs the photon k and comes back to the original state 
>‘(Po) 

E 1 ~E, I = E(p 0 )-ck+E(p 0 -k) (32) 

Wo have thus 


W P = 2 ~ 


2 nezift Hw(po) , xu (p 0 -k))(u(p 0 ~k) , ixu(po)) 


I ' E(po)-ck-E{p 0 -k) 

. (u(poV <* u(po—k)) (u( pa-k)<x u(p 0 )) ) 
+ jEpo)-ek+E{po-k) ~ J 


Now tarrying out tho summation over tho spins and polarisation in the intermediate 
states and averaging over tho spins of tho electron in the initial states as before we 
obtain — 


where 


which 


h = j da ^ ~l^Pomi Q -k)(E(p Q )-ck+E(p 0 -k)) J 
integration over tho dirertion of k reduces to 


(34) 

( 88 ) 


2it [~ ( + EH-c+El*c 2 +k*cS)(E + - 

« L 4%W 


and we obtain 

Wo 



E _) (E-kc) ( E-kc)(E* + -E\ ) 


n&>* 

2po 


Ek 12 Ep 0 k*c* 


w 2 c* . jB— » he 
+ Ep Q kc ° g £-jfcc+J5-.J 

(36) 


(37) 


This shows that the self energy divorges Tho expression (37) was first obtained by 
Waller 


3 Electrostatic self energy 

In classical electrodynamics the expression for electrostatic self-enorgy os given 
by (12) is evaluated with the help of tho well-known Maxwell-Lorentz equations 

rottf-™ = ^/, div E=* 4np 


and, E = grad A 0 , H=*roi A .. (38) 

together with 

div Eima « 0, rot E t 0, H, ■» 0 . . * . . . , (89) 
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Now for Dirao electron 
Therefore (12) gives 


P =• « (*V). i = e (tfW) 
H« = J {/)^o-^») |rfr 


(40) 


(41) 


The electrostatic self-energy which is defined as the expectation value of II, is 
therefore given by 

(12) 

For a point electron this becomes infinite We cannot take over this result directly 
into quantum mechanics It is usually left unquantised and subtracted from the 
Hamiltonian representing tho interaction It may be of some interest, however, to 
attempt to evaluate tho expression (12) exactly in an analogous way as m tho trans- 
verse part of the self-energy Wo accordingly expross tho quantities A t and A 0 


A, -2 n (c k eMI*+c' ke -«rM) (43) 

A 0 = Z 7 2 -^K e ‘ ( ‘ r)/S + c * e "' ( * r)/S ) t 44 ) 

where n = * is the unit vector m the direction of tho wavo voctor k d‘ k are 

operators as before denoting respectively the decrease and tho increase in tho number 
of longitudinal photons The interaction energy of the electron with the longi- 
tudinal part of the field is obtained from (12) as 




■p'+k)+c';8(p-p'-k) j 

N (p')A'(p') V{p')V(p)A(p)N(p) x (u(p')’tz k u(p) -u(p’)'u(p)) (45) 

The self-energy is then obtained in an analogous way as before from the expression 

w - s . T^aT-f l " ) 


the two parts being the contributions of the longitudinal and the scalar fields 
respectively 


(a) Hole Theory 

Considering the self-energy as the difference between the self-energy when an 
electron is present in the positive energy state and the self-energy of vaouum we 
obtain 


ip _ r 2wfl *** c \(u(p 0 )'« k u(p 0 -k))(u(p 0 -k)'oi k u(p 0 ))-(u(p 0 )'u(p 0 -k))(uip 0 -k)'u(po)) 
A k \ E(p 0 )-ck-E(p 0 -k) 

, (MporH^PQ+kWvito+kYakUipofi-^poYvipo+kWuipo+kMpt))^^ 

' BW+ck+Efo+k) y ’ 
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Making use of Dirac’s wave equation we oan write > . 

u(p 0 )'(ak)u(pQ-k) = ~ [E(p 0 )—E(p 0 —k)]u(p 0 )'u(p 0 —k) 

u{p 0 )'{*k)u(po+k) = [E(p 0 +knE{p 0 )]u(p b )'mp a +k), etc (49) 

Tho expression (47) thus reduces to 

W, *= £ \[E{p 0 )+ck-FAp 0 -k)]{u{p n )M P o~k))(u{p 0 -k)‘Mp 0 )^ 

+[E(p 0 ) -ck+E(pu+k)Ju(p 0 )'ulp 0 +k))(u(po+k)Mpo)) j (60) 

Carrying out tho summation and averages as before 

w - <? \ (E(P0-k)+H(po-k)){E[po)+H[p a )){E(p o )+ck-E[p o ~k)) 

1 ~ 4 cmpo) P \ E(po-k) 

. (E(p n +k)-n( IH> +k))(E(p a )+H(p 0 ))(E(po)-ek+E(po+k)) \ 
+ E(p 0 +k) I 

Now on ev aluatmg tho spur and summing over tho intermediate states of the 
photon wo obtain finally 

“'• = 5*6 ,51 » 

where 

, _ [ .,n[ {E( P(s )+ck){E(p^~cHp a k)) (E(p a )-ck)(E(p 0 )*+c*(pok)) l m) 

* J L E(p 0 )E(p a —k) E(p 0 )E{po+k ) J 

h - j d£J E(p 0 )[E(p 0 +k)-E(po-k)] '<*%) 

The integration over tho direction of k gives 

e a fY( E*-kW)(E + -E.) ( E*-E*)~ldk 

Ws ~ 4wSc j o L -g& + -^r\ k (64) 

For small velocity of the electron it reduces to 


(6) Original Thoory 

In the case of ono electron theory we have on this model 

W £ 2vtmc ( (^(j>p) , git«(/ , o--k))(«(l»o-*)*«n«(po))-(tt(A>) ,M (Po— *)K«(i>o-*)V/o)) 
,m It k X E{pi,)~ck-E{p 0 -k) 

, (*(po)'w(po-k))(«(p 0 -k)-2 k u(p 0 ))-(u(p D )'u(p 0 --k))(u(p 0 -k)'*[p )) I 

+ E^-ck+Efo-k) j (W) 
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3p ttmpo) +ck){E(p 0 ) +H(p 0 ))~H(p 0 ~k)(E(Po)+mpo)) ^ (57) 


mpo ) 

Summing over the photons wo finally obtain the standard result 


FF, = ^J dk, . . . . (58) 

which is highly divergent 

One of us (S N Gupta) is grateful to Sir Maurice Gwyer, the Vice-Chancellor 
of the Delhi University, for kindly awarding him one of the exhibition scholarships 
which enabled him to carry out the present investigation 
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ON THE CLASS-NUMBER OP THE CORPUS P(v' Z ^) 

By 8 Chowla, Qovt College, Lahore 
(Communicated by Sir S S Bhabnagar, F R S ) 

(Received, October 28, 1946 ) 

§L In a paper oarrymg the title of the present paper, Little wood (1928) 
proved If the extended Riemann hypothesis (e R h ) is true, there exist infinitely 
many k such that 

L(D - ^ ^>{1+0(1)} e c log log k 

where x(n) it a real primitive oharaoter (mod k) 

This result was proved by Walfisz (1942) Without assuming thee Rh His proof 
is based on the so-called ‘olass-number relations’ discovered by Kroneoker In this 
paper I use the method developed by me m my paper ‘An improvement of a 
theorem of Linmk and Walfisz’ to give another proof of the result without assuming 
the e Rh 

§2 Throughout we use the notation of my paper 3 In the definitions we 
only change the definition of b so that 

+1 for l£r £(„-!), 


also 3(x) is the same sum but with m going up to x* in the inner sum The 

difference between T(x) and S(x) is of the order ad, as proved in my paper 3 
The sum &(x) is split up as before 

S(x) - S l (x)+3 i (x)+S t (x) 

We find that 

ai(x)~t/x (log logx), 




you xm— No 
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the sums S t (x) and 8 3 (x) are estimated in exaotly the same way as in my paper 3, 
iS 1 (a:) only being different Thus we have 

(A) T(z)~\e c x log log*. 

We now write 

(2) T(x) - T^+T^x) 

where Ti(x) is defined by (1) with the difference that in the outer sum n is 
restricted to take values suoh that (8 an+b) is quadratfrei , T 2 (x) is defined by the 
right-hand side of (1) but with n running through values in whioh (8an+6) is 
divisible by a square greater than 1 We proceed to estimate T 3 (x) Now the 
numbers (8a«+6) oannot be divisible by p a unless r>g The number of numbers 
(8an+6) when x<n^2x suoh that San+b is divisible by p r a (r>g) is dearly of 
the order 

2 (s*) " °(_2 »>iog>«) 

Again, as observed by Davenport, we have 

2 z ( n ) 83 lo 8 k ) 

where x(n) is any non-prmoipal oharacter (mod k). It follows, smoe o < x^> (x>x 0 ) 
proved m my paper 3, that 

« I'StrS*)-*-* 

for every n with x<n£ 2x It now follows from (4) and (3) that 
(5) T 2 (x) « log i) - 0(x) 

From (A), (2) and (5) we finally get 
(8) * T^x) ~ \t c x log log x, 

m 2 2i-(r~)~ ******* 

(6**+f0 quadra tire 

Smoe ‘almost all’ (San +6) are quadratfrei when x<n£2x, it follows from (7) that 
there exists a positive integer n with x<n£2x and suoh that (San+b) is 
quadratfrei and 

(8) J > & { 1 +0(1) } log log (8a«+6) 

3 » 
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since log log log log (8 an+b) Prom the Reciprocity Law for Jaoobi’s symbol 

( 22 5r 5 ) " {s£+i) when m - 1 < mod 2 >« 


^ w ^ en m m ^(mod 2), 


by definition Hence (8) becomes 


m § 4 k {s^+b) > V O+W)) ,o e lQ g <**»+*> > 


« +1 since 6 * 1 (mod 8) 


m (bn+i) “ (‘ + 2 + 2* + ) JS, (iSTp) m 

= 2 L 


Prom (9) and (10) we get 

(U) 2 ^(g^;)>« C {1+0(1)} log log (San+b) 

for suitable n with x<n£2x, and for all x >x 0 sinoe (8an+b) is quadratfrei In (8), 
(9), (10), (11) we- finally get 

Theorem 1 For all x>Xq there exists a quadratfrei number k <m 8o»+6 where 
x<n<^2x such that 

(12) J > {1+0(1)} e C log log* 


Since is a real primitive character (mod k) m (12), on account of k bring 
quadratfrei, we can write Theorem 1 as 

Theorem 2 For all x>xq there exists a number k between x and x* and such that 
J -jp > {l+0(l)}e c log log k 

where x(n) is a real primitive character (mod k) Thus Littlewood’s Theorem (and 
more) has been proved without assuming the e.B h. 
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Soe , 27. 368-372 

Wklfisz, A (1042) 'tlber dit«Sl*esens*hl binarer quadf»ti« ohen Formen’ Trap Inst. Math. 
Tbiltstt, 11,67-71 



200 8 OHOWL4. ON THH OLAM-NUKBSB Of THS OOBF08 P(V~^) 

[Note In a paper entitled On the k analogue of a result in the theory of the Riemann Zete 
function' OfatKematuch* ZaUchnft (1034) Band 38 , 483-487 I have proved that 

S ^ <‘"g log *) 

1 

where »(n) is a real primitive character (mod k) ] 


Note added during proof correction ( May 7, 1947) 

My paper ‘An improvement of a theorem of Linnik and Walflsz has been 
accepted for publication by the London Math Society There is very little 
difference between the arguments of the present papers and those of the paper 
to be published by the London Math Society 
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A TABLE OF VALUES OF r(n). 

By Hansraj Gupta, Government College, Hoshvirpur 
(Communicated by Prof D S Kothan, F N I ) 
(Received February 23 ; read March 7, 1947 ) 
Ramanujan’s function t(») is defined by the relation 

^ r(n)x m wm x ri(\ — x r )**> | x | < 1 


Lehmer (1943), in order to verify a oonjeoture of Ramanujan, computed a table 
of values of r(n) for values of n up to 300 

More recently the following interesting congruence properties of this funotion 
have been obtained by Hardy, Watson, Mordell, Wilton, Ramanathan, Lahin, 
Chowla, Bambah and me — 

(1) t(») a» ou(») (mod 28) if n is odd 

(2) r(n) « Ko 7 (n ) (mod 3«) 

where K = n* if n ^ 2 (mod 3) 
and K — n*+9 if n m 2 (mod 3) 

(3) r (n) = 5n*a 7 (n)-4no 9 (n) (mod 5«) if (mod 5) 

(4) r(n) m no B (n) (mod 7) 

(6) t(») - 0 (mod 23) if = -1 


(6) t(») 


m o tl (n) (mod 091) 


where <r*(») 




The table is here extended to n = 400 


n 

r(n) 

" 

r(n) 

i 


11 

5 34012 

2 

-24 

12 

-3 70944 

3 

252 

13 

-5 77738 

4 

-1472 

14 

4 01850 

a 

4830 

15 

12 17100 

6 

-0048 

10 

9 87136 

7 

-10744 

17 

-09 05934 

8 

84480 

18 1 

27 27432 

9 

-1 13643 

19 

106 01420 

10 

-1 15920 

20 

-71 09760 
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HAX8HAJ GCP*A A TABUS OF VAL UBS OF r(n) 


» 

r ( n ) 

• 

r («) 

21 

-42 

19488 

61 I 


69564 

78662 

22 

-128 

30688 

62 


12682 

36032 

23 

186 

43272 

63 


19028 

38392 

24 

212 

88960 

v 64 


26992 

96768 

25 

-254 

99225 

65 


-27904 

74540 

26 

138 

65712 

66 


-32333 

33376 

27 

-732 

79080 

67 

-1 

54818 

26884 

28 

240 

47108 

68 

1 

01655 

34848 

29 

1284 

06630 

69 


46981 

04544 

30 

-292 

11840 

70 


19409 

64480 

31 

-528 

43168 

71 


97914 

85272 

32 

-1967 

06304 

72 


-96005 

60640 

33 

1347 

22224 

73 


14637 

91322 

34 

1657 

42410 

74 


43731 

19536 

35 

-808 

73520 

75 


-64258 

04700 

30 

1072 

82490 

76 

_ 1 

66930 

10240 

37 

-1822 

13314 

77 


-89615 

43328 

38 

-2558 

74080 

78 


34941 

59424 

39 

-1455 

89976 

79 

3 

81108 

45680 

40 

4080 

38400 

80 


47678 

66880 

41 

3081 

20442 

81 


16651 

88361 

42 

1012 

67712 

82 


-73948 

90608 

43 

-171 

25708 

83 

-2 

93350 

99608 

44 

-7869 

48864 

84 


62110 

80336 

45 

-6488 

95690 

85 

-3 

33556 

61220 

40 

-4474 

38528 

86 


4110 

16992 

47 

20873 

48496 

87 

3 

23584 

70760 

48 

2487 

58272 

88 

4 

51640 

21700 

49 

-16969 

65207 

89 

-2 

49929 

17110 

50 

6119 

81400 

90 

1 

31734 

96560 

51 

-17402 

95368 

91 


96736 

45072 

52 

8504 

30330 

92 

-2 

74428 

96384 

53 

-15980 

55698 

93 

-1 

33164 

78336 

54 

17586 

97920 

94 

-6 

44963 

63904 

55 

25821 

75960 

95 

5 

14940 

58600 

56 

-14145 

33120 

96 

-4 

95699 

88608 

57 

26886 

77840 

97 

7 

50135 

68546 

58 

-30817 

59120 

98 

4 

07271 

64968 

59 

-51892 

03740 

99 

-6 

07649 

11516 

60 



-17916 

59520 

100 

3 

75348 

69200 


IB 
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n 

r(») 

» 

r(») 

101 

8 

17429 

59102 

141 

07 

72118 

20992 

102 

4 

17070 

88832 

142 

-23 

49956 

46528 

103 . 

-22 

57551 

28048 

143 

-30 

88050 

67050 

104 J 

-4 

88073 

06240 

144 

-11 

21810 

96448 

105 

-2 

03801 

27040 

145 

02 

02040 

22900 

106 

3 

83053 

30762 

140 

-3 

51309 

91728 

107 

9 

02412 

68356 

147 

-42 

76352 

32164 

108 

10 

78608 

05700 

148 

26 

82179 

98208 

109 

7 

34820 

70310 

149 

-111 

54330 

20850 

no 

-6 

f 

19722 

23040 

150 

15 

42193 

12800 

111 

-4 

59177 

55128 

151 

-82 

44472 

97848 

ri 2 

-1 

05280 

05184 

152 

90 

00767 

61600 

113 

-8 

51408 

62638 

153 

78 

48110 

57662 

114 

-6 

44802 

68160 

154 

21 

48370 

39872 

116 

9 

00470 

03700 

155 

-25 

52325 

01440 

116 

-18 

90145 

59360 

150 

21 

43084 

44072 

117 

0 

50558 

79534 

157 

131 

51107 

54400 

118 

12 

45408 

89700 

158 

-91 

48042 

90320 

119 

11 

50329 

58896 

159 

—40 

22000 

35890 

120 ^ 

10 

28256 

76800 

160 

-95 

00914 

48320 

121 


4983 

19933 

101 

-31 

21629 

46368 

122 

-16 

09654 

87888 

162 

-3 

99045 

20064 

123 

7 

76403 

51384 

103 

— 35 

78327 

59588 

124 

7 

77851 

43296 

164 

-45 

36532 

90624 

126 

-35 

90011 

00500 

165 

65 

07083 

41920 

126 

-4 

50681 

21408 

160 

70 

•40423 

92032 

127 

-20 

27172 

01024 

107 

275 

48338 

92210 

428 

33 

80713 

88100 

168 

-35 

64623 

40240 

129 


-43150 

78416 

169 

-145 

83791 

07393 

130 

0 

09713 

88900 

170 

80 

05358 

69280 

131 

63 

16287 

59932 

171 

-121 

15957 

53060 

132 

-19 

83111 

13728 

172 

2 

52090 

42170 

133 

-17 

85148 

16480 

173 

-95 

03874 

49578 

134 

37 

15638 

45210 

174 

-77 

00032 

98240 

135 

-35 

39379 

50400 

175 

42 

09690 

23400 

136 

-58 

34133 

04320 

170 

52 

77347 

51232 

137 

-29 

71987 

46214 

177 

-130 

78793 

42480 

138 

- -11 

27545 

09056 

178 

59 

98300 

10640 

139 

59 

67935 

77940 

179 

108 

13842 

24780 

140 

11 

90458 

21440 

180 

80 

79744 

55680 
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HAN8SAJ GOTTA A TABLE 07 VALUES 07 r(n) 


n 

r(n) 

n 

r (n) 

181 

-99 

67744 

96018 

221 

398 

98204 

97292 

182 

-23 

21674 

81728 

222 

110 

20261 

23072 

183 

175 

30326 

22824 

223 

733 

486 fi 0 

21472 

184 

167 

49836 

18560 

224 

329 

366*3 

54176 

185 

-88 

00903 

06620 

225 

289 

78084 

26675 

186 

31 

96954 

80064 

226 

204 

35247 

03312 

187 

-369 

19051 

87608 

227 

-135 

98395 

66924 

188 

-395 

57769 

86112 

228 

-395 

47897 

80480 

189 

122 

69849 

15520 

229 

-1182 

44112 

23170 

190 

-123 

58718 

06400 

230 

-216 

11280 

90240 

191 

276 

24033 

50592 

231 

-225 

57889 

18656 

192 

68 

02227 

85536 

232 

1084 

77921 

02400 

193 

544 

23876 

85442 

233 

-1756 

33534 

48618 

194 

-180 

03266 

45104 

234 

-167 

67411 

08816 

195 

-70 

31995 

84080 

235 

1297 

98932 

35680 

196 

249 

79327 

84704 

236 

763 

85079 

05280 

197 

-287 

60915 

04354 

237 

960 

54451 

11360 

198 

145 

81178 

76384 

238 

-277 

51910 

13604 

199 

72 

83914 

02200 

239 

-713 

95774 

62060 

200 

-215 

41745 

28000 

240 

120 

16024 ^3760 

201 

-390 

14203 

74768 

241 

-23 

13069 

09368 

202 

-196 

18310 

18448 

242 

-1 

rt )596 

78392 

203 

-215 

00406 

12720 

243 

1340 

07966 

51732 

204 

266 

17147 

81606 

244 

-1023 

99366 

90464 

205 / 

148 

82217 

34860 

245 

-819 

63410 

49810 

206 

541 

81230 

87552 

246 

-186 

35124 

33216 

207 

-211 

86773 

59896 

247 

-615 

95074 

67960 

208 

-57 

03059 

78368 

248 

-446 

41908 

32640 

209 

569 

97230 

69040 

249 

-739 

24451 

16336 

210 

48 

91230 

48960 

250 

861 

60264 

12000 

211 

-679 

31684 

39188 

251 

1298 

30635 

45252 

212 

234 

93939 

87456 

252 

-280 

00781 

13024 

213 

246 

74542 

88544 

253 

996 

69169 

30464 

214 

-216 

57902 

00544 

254 

630 

62128 

24576 

215 

-8 

27171 

69640 

255 

-840 

56266 

27440 

216 

-619 

06166 

78400 

256 

-1364 

18730 

96704 

217 

88 

48060 

04992 

257 

2396 

11925 

65506 

218 

-176 

35842 

31440 

268 

ia 

35762 

81984 

219 

36 

88754 

13144 

259 

305 

09797 

29616 

220 

-380 

09630 

13120 

260 - 

410 

75785 

22880 
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n 

« 

■(n) 


n 

r(») 

261 

-1459 

25140 

53090 

301 

28 

67628 

64752 

202 

-1515 

66902 

38368 

302 

1978 

67361 

48352 

263 

-2427 

37284 

64488 

303 

2069 

92266 

93704 

204 

1138 

13334 

83520 

304 

1052 

42714 

93120 

265 

-770 

89490 

21340 

305 

3359 

97919 

37460 

206 

428 

43555 

95520 

300 

-1883 

54653 

81488 

207 

-029 

82151 

11720 

307 

1631 

10928 

28558 

268 

2278 

92491 

73248 

308 

1317 

06717 

78816 

260 

2583 

77065 

43670 

309 

-5689 

02924 

19296 

270 

849 

45109 

53000 

310 

* 612 

65800 

34560 

271 

-376 

79323 

60528 

311 

4987 

61605 

75012 

272 

-681 

70900 

05024 

312 

-1229 

94411 

72480 

273 

243 

77585 

58144 

313 

-9948 

08327 

66438 

274 

713 

27099 

09130 

314 

-3150 

28021 

05744 

275 

-1303 

21916 

75700 

315 

919 

07094 

33360 

270 

-691 

50098 

88708 

310 

-5610 

79968 

40960 

277 

-1641 

89320 

05874 

317 

8336 

92483 

59366 

278 

-1432 

30458 

70560 

318 

906 

29448 

61604 

279 

600 

52561 

41024 

310 

0804 

77252 , 

r 77560 

280 

-083 

21949 

69000 

320 

1303 

76033 

89440 

281 

2103 

57229 

07082 

321 

2274 

07971 

05712 

282 

-1025 

30837 

03808 

322 

749 

19107 

12832 

283 

1071 

31763 

20532 

323 

-7362 

70628 

66280 

284 

-1441 

30663 

20384 

324 

-245 

11572 

67392 

285 

1297 

66539 

67200 

325 

1473 

18712 

53050 

286 

741 

27760 

23744 

326 

858 

79862 

30112 

287 

-515 

91680 

80848 

327 

1851 

76344 

30120 

288 

2235 

42945 

05472 

328 

2603 

00149 

40160 

280 

1342 

00281 

04723 

320T 

-4499 

69632 

17024 

200 

-1488 

48965 

49000 

330 

-1561 

70002 

06080 

201 

1890 

34192 

73592 

331 

-6368 

40219 

25868 

202 

-215 

47008 

25984 

332 

4318 

12007 

11296 

293 

-2392 

68589 

87458 

333 

2070 

72670 

42902 

204 

1020 

32455 

71936 

334 

-6611 

60134 

13184 

295 

-2500 

38540 

64200 

335 

-7477 

72238 

49720 

296 

-1539 

33807 

06720 

336 

-416 

52085 

06368 

297 

-3917 

58755 

16960 

337 

12100 

14283 

35986 

298 

2077 

04069 

00400 

338 

3500 

11007 

37432 

299 

-1077 

09266 

78736 

339 

-2145 

70093 

84776 

300 

946 

87845 

18400 

340 

4909 

95333 

15840 
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HAN8BAJ 'GUPTA : A TABUS OP VALUBS OP r(») 


n 

T (») 

• 




341 

-2825 

05917 

30816 

371 

2672 

43666 

07312 

342 

2907 

82080 

73440 

372 

I960 

18561 

10592 

343 

6162 

23444 

10800 

373 

-5516 

17340 

23378 

344 

-144 

07798 

11840 

374 

8860 

78845 

02692 

346 

2269 

18449 

47520 

375 

-904Q 

82773 

26000 

346 

2280 

92987 

89872 

376 

22702 

72009 

42080 

347 

-16666 

15610 

78204 

377 

-7418 

53896 

02940 

348 

-4763 

16689 

58720 

378 

-2944 

76379 

72480 

349 

-2664 

30221 

94650 

379 

14646 

31163 

22980 

350 

-102£ 

70166 

61600 

380 

-7580 

01374 

59200 

361 

4233 

61091 

21040 

381 

-6620 

47346 

58048 

362 

-10516 

15505 

94048 

382 

-6629 

76804 

14208 

353 

2490 

98152 

45602 

383 

23144 

95717 

33632 

364 

3138 

43042 

19520 

384 

8519 

39898 

16320 

366 

4729 

28738 

63760 

385 

-4323 

69542 

74240 

366 

3678 

06739 

85020 

386 

-13061 

73044 

50008 

357 

2913 

95056 

41792 

387 

194 

62168 

34244 

358 

-4035 

32213 

94720 

388 

-11041 

99728 

99712 

359 

15758 

41508 

53560 

389 

-14987 

15716 

11810 

360 , 

-4637 

07078 

91200 

390 

1687 

07900 

17020 

361 

-282 

43824 

81819 

391 

-12874 

92059 

76048 

362 

2392 

26870 

04432 

392 

-14335 

06206 

87360 

363 

12 

55766 

23116 

393 

15914 

52475 

02864 

364 

-1423 

96055 

45984 

394 

6902 

61961 

04496 

365 

707 

01120 

85260 

395 

18410 

43646 

34400 

366 

-4207 

27829 

47776 

306 

8043 

12297 

51652 

367 

-17790 

12201 

29584 

397 

•20811 

06802 

73846 

368 

1840 

34449 

48992 

398 

! -1748 

13936 

52800 

369 

-3601 

57313 

90206 

399 

-4498 

57337 

52960 

370 

2112 

21673 

68880 

400 

-2517 

12029 

69600 
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LIFE HISTORY OF TYPHONIUM TRILOBATVM SCHOTT. 

By I Bankrji, D 3c , Department of Botany, Calcutta University. 

(Received September 25, 1946 , read Apnl 4, 1947 ) 

The genus Typhonium contains about 25 speoies, distributed over tho tropical 
regions of the world It occurs in Burma, Malaya, Siam, Ceylon, China, Malayasia 
and North Australia It has been reported from various parts of Tndia, suoh as 
Bengal, Bihar, Orissa, Chota-Nagpur, Madras, the Eastern and Western Ghats 
and Assam 

Typhonium tnlobatum is one of the oommon aroids of Bengal Tt is a 
perennial herb and is easily recognised by its threo-lobed hastate leaves, which appear 
to arise directly from the ground The plants grow in waste plaoes and profusely 
flower from about the later part of May to the end of October Rarely they form a 
pure community More often they grow along with suoh plants as Cynodon dactylon, 
Dtgxtana mngumales, Paspulamn ecrobvculatum, RueUvi tuberosa, Tndax procumbent, 
Boerhaama repent and Colocasxa antiquorum 

T tnlobatum thrives m moist and partially shaded localities There is, however, 
considerable variation in size of the leaves according to conditions of growth At 
the end of the growing soason the above ground portion of the plant dies down, and 
no trace of it is observed above the soil With the advent of the next monsoon, 
loaves appear again from the underground stem 

Two varieties of Typhonium tnlobatum have been reported to ooour Var 
genuinum Engler, has lamina hastately trisect and the apex of the spadix red, 
whereas the Var Schotit (Pram) Engler, has lamina hastately tnlobed and tho apex 
of the spadix white The former variety ooours in lower Bengal 


Pbevtous Wobk 

The family Araoeae has received much attention from botanists Towards the 
beginning of this oentury Campbell (1900), Duggar (1900), Gow (1913) and others 
worked on the embryology of the family Later, Engler (1920) monographed the 
family, while Solereder (1928) gave a comprehensive aooount of its anatomical 
features Jussen (1928) described in detail the haploid generation of some members, 
while Sohnarf (1931) reviewed the relevant literature on the embryology of plants 
Ertl (1932) studied the nature of the venation Since 1928 a few more important 
publications on the morphology and cytology of plants belonging to this family 
have appeared, of which mention may bo made oi Boodle and Hill’s (1929) work 
on Typhonodorum Lindleyanum, Dudley’s (1937) on CaOa palutlnt, Buell’s (1938) 
investigations on the life history of Acorus calamus and Goldberg^ (1941) on PeU 
tandra vxrgintca 

In India, not much work has been done on thi^ family Blatter (1932) has 
revised the species occurring in the Bombay Presidency Barnes (1934) has de- 
scribed the morphology and the mode of pollination in the genus Ansaema occurring 
in the Nilgin Hills He (1938 and 1940) has also reoordedhis observations on right 
and left handed asymmetry m South Indian Aroids, and has described a new speoies 
of Ansaema (A ptittacut). Adana and Sutaria (1935) have reoorded the number 
and the morphology of the somatio and meiotio. chromosomes of Ansaema murntyt. 
This was followed by a contribution by the present writer (Banbrji, 1937) on 
the sterility of Cokocatia antiquorum. Later, Asana and f-lutana (1939) gave an 
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aooount of the morphology and the number of chromosomes of some Indian aroids 
MoCann (1943) has recently described the light windows in the genus Cryptocoryne 


Material and Methods 

The material used m this investigation was mostly obtained from plants growing 
under natural conditions A few plants however were grown in the experimented 
garden for the purpose of oloser observation 

I or anatomical work pieces of petiole leaves tuber spathe spadix and roots 
were fixed in Formalin acetic alcohol Microtome sections were made of these parts. 
Free hand sections were also out and examined The sections were stained either 
with Safranm and Fast green or Gentian Violet and Bismarok Brown combinations 

Fdt cytologioal studies root tips wero collected from oorms grown in saw 
dust and fixed in various modifications of Lewitsky s fluid The morphology of the 
chromosomes was best seen in material fixed m 1% Chromic aoid one part and 
10% Formaldehyde 2 parts 

For the study of meiosis inflorescences (the etaminate portion) in all stages 
of development were cut into discs 5 to 8 mm thick These were treated with 
Carnoy s fluid and then fixed in Nawashm s or Belling s modified Nawashm s fluids 
Other fixatives were also tried but these did not give good results 

For ombryological work Allen s modified Bourn s fluid and Lioent s fluid were 
ohiefly used In this case also the material was cut into small discs to facilitate 
penetration 

Fixation was oarried out at different periods of the day It was found that 
meiotio stages in the sporocytes were best obtained at about 8am whereas mitosis 
in the root tip cells was most common at about 11am The fixation was always 
done m the field and an exhaust pump was used whenever it was found necessary 
The materials were dehydrated and oleared in the usual way and finally embedded 
in paraffin Seotions were out 8 to 20 p thick depending on the stage required for 
study 

Heidonham a Iron alum Haematoxyhn and Newton s Gentian Violet Iodine 
were the stains used for oytologioal studies I or the determination of chromosome 
nucleolus relationship as also the number of nucleoli in telophase Bhadun and 
Sommens (1939) Feulgen Light Green stain was used Slides showing embryo 
logical stages were stained with Heidenhain s Haematoxyhn Orange G as a 
counter stain was used for certain preparations 


I Morphology 

The stem of Typhonntm tnlobatum is a subterranean oorm of many intemodes 
This is evident from the presence of withered leaf bases and soars on the surfaoe of 
the corm The oorm originates from an axillary or terminal bud of tho previous 
season s corn During the growing season a large number of axillary buds develop 
on the mother oorm these have their bluntly conical apioes projecting upwards 
Sometimes these buds givo rise to foliage leaves but generally they do not attain full 
development m the season They remain in a dormant condition while attaohed 
to the mother corm In th% next season these buds develop into separate plants, 
while the mother oorm shrivels and disintegrates This accounts for the occurrence 
of a large number of plants in close aggregation 

In form the corm is somewhat sub globose or cylindrical and white in oolour. 
At the lower ond is attaohed the dark brown shrivelled residue of the previous 
season’s oorm In size it varies from 1 to 5 cm in diameter The growing point 
is situated at the top covered by the leaf bases Vegetative buds do notdevelop 
in the write of the leaves of the growing season 
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Adventitious roots arise m two or more layers below the terminal portion of the 
corm These roots radiate more or less horizontally and are closely aggregated 
(Fig 1) "They pieroe through the leaf-bases in many mst&noee The roots are 
white in* colour except the tips, whioh are somewhat yellowish The rest of the 
corm is distinctly free from roots The older roots are slightly fusiform at their 
base and show corrugated foldings of their surface, whioh extend from them point 
of insertion to a distance of about 30 mm or more in oertain oases, suggesting 
thereby their oontractile nature Various stages of contraction are noted in different 
roots and it thus appears that there is no dimorphism in this respect and all the 
roots originating directly from the corm contract with age These roots branoh at 
some distance The branch Toots are slender and non-oontraotile Where a 
number of daughter oorms develop together, each of them develops its own root 
system, which agrees m all essential features with that of the mother corm 

The lamina is glabrous, characteristically hastate in form and somewhat trisect 
(Fig 3) The depth of lobation is a variable feature and depends on the size of the 
leaf The median lobe is slightly larger than the laterals The margin is entire 
and the apiceB of the lobes acute The petiole varies in length from 24 to 60 cm 
It is somewhat circular in outline except at the proximal portion where it becomes 
markedly grooved due to the development of the basal leaf sheath At the distal 
end also it shows the presence of a slender furrow on the adaxial side close to the 
lamina It is groen in colour with a few disjoined red streaks on its surface The 
leaf base encircles the stem at its point of insertion (Fig 2) It onoases completely 
the next leaf and the adjoining inflorescence during the early stages of their develop- 
ment by overlapping of one of the margins Ligular structures noted in some aroids 
are absent 

As ib characteristic of aroids, the loaf is retioulately veined Tbo tnlobed 
lamina is characterised by three principal veins All the three primary veins extend 
up to the apex of the lobes The primary vein (midrib) of the central lobe appears 
to be a direct contmuation of the petiole, whereas the other two, branch at angles 
varying from 76° to 90° and proceed for about a centimetre or more without 
throwing off any lateral vein on the outer sides (Fig 3) Thus the lamina is absent 
at these regions The lateral primary veins then throw off secondary branches as 
shown in figure 3 The lateral lobes of the leaf being asymmetrical, the secondary 
and tertiary veins are greater m number and branch more profusely on the outer side 
In all the three lobes, between the mam veins, there are simple cross-connections, 
which mostly form sharp angles The fields formed m this way are again inter- 
graded into smaller fields by means of irregular running vasoular bundles and also 
by cross- connections It is m these smaller fields that nerve endings are frequently 
seen and they appear to be branohed 

Apart from this reticulate type of venation there are two sub-marginal veins, 
which run parallel m the leaf, ooming very close together only at the apioes of the 
lobes The inner sub-marginal vein ts placed slightly inwards and delimits the 
reticulated areas formed by the secondary and tertiary veins, as a result it is some- 
what wavy m contour The other sub-marginal vem is plaoed very dose to the edge 
and follows the outline of the lamina These two veins are connected by a senes 
of almost equidistant parallel veins, whioh branch slightly at the distal ends 

The leaves are arranged on the top of the corm in a pentastiohous maimer. 
Hie sixth leaf occurs directly above the first 

The vernation ib somewhat peculiar The leaf buds remain completely encased 
by the oataphylls inside the sheathing base of the petiole of the subtending leaf. 
Owing to the growth in length of the petiole they emerge through the oataphylls 
from the bases of the subtending leaves as pointed structures (Fig 5) Close exami- 
nation reveals that the inner margins of the two lateral lobes of the leaf roll res- 
pectively towards the right and left side of the petiole. This prooess extends as far 
as their midribs The left median lobe as well as its corresponding lateral than roll 
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sirustrorsely, enclosing the previously rolled portion This process, as noted before 
in the lateral lobes, extends only up to the midnb. The right median lobe along 
with its corresponding lateral lobe then rolls over in a dextrose manner and covers 
the previously rolled portion of the median lobe as a dap In all 'these prooessoe 
the inner surface of the leaf always remains inside, but the vernation cannot be said 
to be convolute or involute 

Figure 6 illustrates diagrammatioally the nature of ptyxis as observed in serial 
sections A and B represent the basal lobes which will be seen to roll m opposite 
directions C represents the left half of the median lobe which rolk in a reverse 
direction to that of B Whereas D rolls over C and partly encases it, this being the 
right half of the median lobe. 

The unfolding of the leaf follows the elongation of the petiole and in this process 
the median lobee first uncoil m reverse directions followed by the laterals (Fig. 4) 

The inflorescence is a spadix closely enclosed by the spathe It arises as an 
axillary structure and during its early developmental stages lies completely encased 
inside the loaf base It emerges only after the leaf has attained its full dimension 
In size it is variable, generally it is about 15 cm long The peduncle is compara- 
tively short, it is greenish white m colour with conspicuous red streaks on its upper 
end It is somewhat oval in outline and shows the presenoe of a longitudinal groove 
on the mnor surface At the distal end, this groove demarcates the position of the 
lobes of the spathe 

In the bud stage the spathe is convolute and encases the spadix completely 
The direction of the twist of the spathe as observed previously by Barnes (1938) 
is both left- and right-handed The latter, however, seems to be more frequent 
The spathe is about 20 cm long, but its size, as of all other organs, is variable It 
is broadest at the oentral region and tapers at the apex When fully expanded it 
stands out as a oomoal structure of which one side is greatly extended Below the 
conical base a barrel-Bhaped ohamber is formed, the top of which is oonstnoted The 
spathe is green with red streaks on the dorsal surfaoe and scarlet on the 
ventral surfaoe up to the nock of the constriction This surface is velvety to touoh 
Inside the oonstnoted area the ventral surfaoe is green exoept for the presenoe of 
occasional rod streaks 

The unfolding of the spathe takes plaoe by the unwinding of the flap above the 
constricted region, the process being oompleted m the course of 3 to 4 hours When 
fully opened, part of the spathe stands out at one side as a soarlet standard behind the 
crimson coloured appendage of the spadix Below the oonstnoted region the 
overlap is retamed and the barrel-shaped ohamber persists 

It is interesting to note that only the spathe shows parallel venation This 
is very olearly seen on the dorsal surfaoe, the veins converging towards the tip 

The region of the spadix above the peduncle can be separated into two regions 
commonly referred to as the fertile and the sterile regions The latter oooupies 
about { the length of the axis and is situated at the top It is a oomoal, somewhat 
swollen, crimson coloured structure, with a broadly pointed end This is oommonly 
known as the appendage Below the appendage the raohis becomes very muoh 
attenuated for a very short distance (a few millimetres) and then oomes the region 
of male flowers followed by a short white barren area (about 1 to 2 om ) Imme- 
diately below this region lies the neuter flowers, these being represented by long white 
filiform processes which give a brush-like appearanoe. The female flowers occur 
immediately below this and extend up to the base of the spadix The neuter and 
the female flowers be inside the barrel-shaped ohamber of the spathe , while the male 
flowers and the appendage lie above the constricted region. Figure 8 shows dia- 
grammatically the nature of the spadix and the spatial distribution of the flowers 
It would be noted that the area occupied by the male flowers 1 b greater than those 
occupied by either the neuter or the female flowers. 



I BAHBBJI UFB HX8T0BV OB TYPHONWM TRILOBATVU SCHOTT. 211 

The male flowers are arranged in an acyclic manner on the axis The stammato 
inflorescence appears to be red with white dots on the surfaoe This is due to the 



Flos 1-11 Typhonwm trtlobalum Fig 1 The corro , note the axillary bud and the nature 
and origin of the contractile root* (1 Nat sire) Fig 2 The amplexicaul nature of the leaf 
base (| Nat size) Fig 3 The leaf, illustrating ita form and nature of vention (1 Nat bibb) 
Fig* 4 and 6 The nature of opening of the leaves (t Nat size) Fig 6 Diagrammatic! repre 
eentation of a transverse section of a bud showing the nature of ptyxis Fig 7 The spathe with 
appendage ; note the barrel shaped chamber below (} Nat size) Fig 8 The spadix showing 
the appendage, male, neuter and the female flowers (J Nat size) Fig 9. The appendage and 
the region of male flowers: note some stray anthers at the base of the appendage (1 Nat size) 
Fig, 10 The mature fruit (X2) Fig. llo. A section of a germinating aeed.t-s — Stages 
of germination (X 8). 

difference in colour of thef anther lobes and the connective, the former being pink 
and the latter white The flowers are without any perianth and consists of a single 
stamen, with a broad connective and bilocular anthers, the filament being extremely 
reduced The* connective is slightly depressed at the top and also compressed 
laterally The pollen grains «e sphenoai, rose odoured and show granulations on 
the surfaoe. 
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The neuter flowers, as already stated, are represented by white filiform processes, 
whioh are about 40 mm long and -have rounded ends. 

The female flowers are also devoid of any perianth and consist of a pitoher shaped 
ovary with sessile stigmas The ovary is unilocular and oontaJrBT’tt single basal 
orthotropous ovule 

A study of the mode of pollination shows that the flowers are proterogynous and 
the spathe unfolds itself towards the evening The inner soarlet surfaoe of the spathe, 
as also the foetid odour given out by the spadix attract insects The barrel-shaped 
chamber enclosing the female and neuter flowers is not tightly closed at this stage, 
so that small inseots oan find easy acoess Insects alighting on the spathe, slip 
down to the nook of the chamber on account of the velvety surfaoe of the latter and 
get inside the chamber Late at night, the oonstricted neck doses tightly so that 
the insects (mostly small beetles) find egress impossible and are trapped inside The 
anthers dehisce late m the evening next day and one notioes masses of pollen grains 
lying at the neck of the constriction Later on, when tho constriction opens, the 
inseots come out, their bodies covered with pollen grams These inseots when they 
visit other flowers get entrapped and thus cross-pollination is effeoted Laboratory 
experiments on pollen germination show that the pollen grains remain viable for a 
period of 48 to 72 hours after shedding and thus ohanoes of cross-pollmation appear 
to be great 

The spathe shows signs of degeneration on the seoond day The degeneration 
of the papillate cells is particularly evident, as a result of which tho oolour^fades and 
within a wook everything above the oonstricted region degenerates, so that only 
female flowers remain (the neuter flowers are mostly eaten away by the inseots) 
The mouth of the constriction remains closed The fruit takes from 20 to 25 days to 
mature When the fruits become mature the spathe unrolls backwards exposing 
tho fruits This facilitates their dispersal 

The fruit is an ovoid one-seeded berry, about 10 mm long The distal ond is 
greenish white, while tho proximal ond is white and glossy Seeds are 4-6 mm 
long, about 3 mm wide, groyish-black, ovate, broad at the base and slightly oon- 
stncted at the middle (Fig 10) The funiculus is about 1 mm long Endosperm is 
present 

The seeds germinate in moist saw dust and m ordinary tap water in the course 
of a week Laboratory experiments as also observations made m the field seem to 
indicate that the seeds have no period of rest 

The first sign of germination is the protrusion of a part of the cotyledon through 
the micropyle (Fig lift) Seotions of germinating seeds at this stage show that the 
base of the ootyledon protrudes out carrying along with it the plumule and the 
radiole Part of the cotyledon which remains inside the seed serves as an absorbing 
organ (Fig 11a) The radicle noxt elongates and gives rise to the primary root, 
while the plumule gives out the first leaf whioh appears in a convoluted form through 
the cotyledonary slit The hypocotyledonary region above the primary root next 
increases in size and becomes globular This is subsequently transformed into the 
oorm At this stage the primary root generally perishes and is replaced by adventi- 
tious roots which arise above the radicle. Figure 11 ,b,c,d and e illustrate various 
stages of germination. 

Tho first leaf of the seedling a small and cordate m shape The later leaves 
show an moreaee in the size of the lateral lobes and gradually become somewhat 
aurioulate In form. From this by gradual stages the typically trilobed structure 
is reached. 

The mode of propagation of the plants appears to be both sexual and vegetative. 
The latter method has been dismissed before. The seed germinates m the soil very 
soon after dispersal and sends out one or more leaves, whioh, however; disappear 
very soon on account of the end of the growing season, the oorm whioh personates 
underground sends up the aerial organs next season, 
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II Anatomy 

Corm — The oorm is composed of a compact mass of parenchymatous cells which 
do not show the presence of intercellular spaces These cells are rich in starch 
oontents Vascular bundles are of the closod collateral type, but do not show the 
typical scattered arrangement and appear to be disposed more or less in the form 
of a ring The typical scattered arrangement, however, is met with at the points 
of insertion of the petiole and the peduncle The oorm grows in thickness by tho 
multiplication and enlargement of the ground parenohymatous cells 

Periderm formation takes place at a very early stage when the oorm has a dia- 
meter of about 8 mm This process continues even in mature corms The penderm 
does not form a continuous oyhnder but occurs in isolated patches The phellogon 
is hypodermal in origin (Fig 18) It cuts off a large number of cork cells on the 
outside and a few layers of phelloderm oells on the inside 

The oells composing the phellem are uniform m shape and radially elongated 
They are empty, non-living and without pits The cells of the phelloderm show 
the presence of cytoplasm and nuoleus and are loosely arranged The phollogen 
oocurs as a single layer of oells and shows the usual features 

Petiole — A cross-section of the petiole shows the presence of slightly elevated 
ridges and furrows Externally it is bounded by a single layer of somewhat rect- 
angular epidermal cells, the outer walls of whioh are not thickly cutimsed Stomata 
are few in number and these are found mostly in the furrows and lie at the same 
level as the epidermal cells Ovoid bands of meohamoal tissuos are situated as 
hypodermal bands below the ridges These are composed of a large number of 
oollenchymatoua oells (Fig 17) The number of suoh bands occurring in a Bingle 
petiole is variable, generally about 20 are present, but this depends mainly on the 
diameter of the petiole Infrequent union of suoh bands is noted at the distal end 
of the petiole The oollenohymatous cells are of the prosenohymatous type and 
superficially resemble solerenohymatous fibres Tho oells shdw unequal thickenings 
and have pointed ends which are unthiokened The length of these cells is very 
variable They measure from 180 to 700p, the mean length being about 400p 
Transverse sections show that they are of the angular type A single nucleus is 
present in each cell 

Chlorenohymatous cells, two to three layers m thiokness, occur below the epi- 
dermis in botween the bands of oollenohymatous oells Interspersed among these 
are present a variable number of cells containing red anthooyanin pigment These 
are generally separate from one another The ground tissue is composed of isodia- 
metno parenohymatous oells with intercellular spaces Vascular bundles are closed, 
collateral and show a scattered arrangement The outermost vascular bundles 
ocour in the form of a ring below the oollenchymatous bands with the xylem facing 
inwards They are, however, separated from these bands by two to three layers 
of parenohymatous oells The xylem oonsists of a large annular and two or three 
smaller spiral and annular vessels Reticulated or pitted elements are entirely 
absent A few xylem parenohyma oells are also present The phloem is oomposed 
of sieve tubes and companion oells, phloem parenohyma^eing totally absent (Fig. 14) 

Leaves — The leaves are doraiventral. The upper epidermal oells are somewhat 
rectangular m shape with their outer walls thiokly outimsed The outiole can be 
separated from the walls when treated with sulphurio acid Stomata occur on both 
surfaces. The average number of stomata per sq mm was found to be 2 in the 
upper and 8 in the lower epidermis Subsidiary cells are present along with the 
guard* oells and as usual a respiratory cavity occurs below each stoma (Fig 10) 
The meeophyll consists of a single layer of pallisade cells and 4 to 0 layers of spongy 
parenohyma (Fig 12) The vascular bundles show the usual structure Associated 
with each vascular bundle,ia a hypodermal band of oollenohymatous oells, whioh 
occur on the dorsal side. 
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Spathe —Anatomy of the spathe showB that the inner scarlet oovered velvety 
surface is olosely oovered by papillose protrusions. These cells have thin walls mid 
contain red anthooyamn pigment in the vacuoles A few stomata (1 per sq. mm. 
area) ocour in between these cells Immediately below this ocedH«0tangular oelb 
m a single layer These cells olosely resemble the dorsal epidermal cells, but are 
somewhat larger Next to this and extending up to the lower epidermal oells, are 
found ehlorenohymatous cells. There is slight development of intercellular spaces. 



ohyroatous band of the petiole (x400) Fig 18 The hypodermal origin of the phellogen 
1x120) Fig 19 L S of a contractile root to show the nature of corrugation and tbe disposition 
of the tissue* (x!6) Fig 20 L S of the ovary showing the stylar oanal and the acentric 
nature of the orthotropoua ovule (xlO) Fig 21. The hypodermal origin of the M.M.C. 
( X 420 ) Fig 22 Homotypie division { X 420). Fig 23 Linear tetrad of megaspore* (X 126) 
Fig. 24. The mature embryo sac note the ‘postament’ like cells at the base ( X420) Fig. 26 
Mwropylar and cbalazal chamber produced by the 1st division of the endosperm nucleus (V300) 
Fig 26 The enlargement of the basal c ham ber and the division of the mioropylar nucleus 
( X 300). Fig 27. A later stage of endosperm formation note the enlarged basal cell ( X 160). 
Fig 28 The nuoellar cap ( x 46) Fig 29 L 8. of a mature fruit i a — ovarian wall, b — outer 
integument; e— . crushed inner integument; d— empty basal chamber (x8) Figs. 20-94. 
Stages in the development of the embryo ( X 160). Fig. 36. A fully developed embryo ( x#0). 
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The outer walla of the lower epidermal oelis are uhthickened. The average stomatal 
frequency is 8 per aq mm 

Vascular bundles are situated mostly m the central region. Associated with 
each bundle is present a strengthening band composed of oollenohymatous cells 
These bands oocur at the abaxial side of the spathe below the epidermis They are 
separated from the vascular bundles by a few layers of parenchymatous cells (Fig 16) 
A cross-section of the appendage shows it to be circular or ovoid in outline 
It is bounded by a single layer of epidermal cells, which show slight variation m size 
Stomata are present, but are few in number The ground tissue is composed of starch- 
filled parenchymatous cells which are separated by intercellular spaoee Wide 
schizogenous cavities are sometimes present at this region Vascular bundles occur 
below the staroh-filled oelis and are t>f the usual closed collateral type These 
bundles send out traces diagonally which end at the hypcdermal region Elongated 
crystal sacs containing raphides are disposed radially in one or two senes m the 
peripheral region amongst the starch oontaimng oelis They are absent in the 
oentral region 

Bool —The growing point of the root shows the presenoe of a root cap The 
root cap and the histogens of the root are derived from a common primordial 
menstem The cells composing the root oap are larger in size and oontain starch 
grains These are, however, located mainly in the central region (Columella of 
N6mec)' of the root oap and the surrounding cells are free from it The three histo- 
gemo layers become differentiated a little below the primordial menstem The 
plerome appears to be wider than the penblem 

A t s of the mature root shows the presenoe of exodermis, which is two-layered 
at certain regions This is followed by the oortex composed of many layers of 
parenohymatous cells with slight development of intercellular spaces The ondo- 
dermal oelis have their radial walls subensed Below this occurs a single layer of 
parenohymatous cells of the pericyole The vascular bundles show the characteristic 
radial arrangement The number of xylem strands vanes from six to eight, the 
largest number of roots possessing six A single large annular vessel and a few 
spiral vessels are the elements of the xylem, while phloem is composed of sieve tubes 
and oompamon cells, no conjunctive tissue or pith is present. 

Figure 13 represents t s of a part of a root which is ootaroh It will be noted 
that the oentral region is ocoupied by a large vessel Developmental studies mdn&te 
that this is a protoxylem element, whioh is the first to differentiate into an annular 
vessel Metaxylem elements as in the petiole are absent 

A study of the oonstrioted region of the roots shows that the depth of oonstnotion 
extends radially to about half the oortex and is not nodal in character The folding 
is of the nature of ridges and furrows, which may be narrow or broad Longitudinal 
sections show that the outer oortioal tissue is alone concerned in the prooess, the 
epidermal oelis above remain intact at most places. At the point of constriction 
the oelis get extremely oompreesed laterally and give a lamella ted appearance Those 
lying inside the ridges as well as the oelis occurring below the region of oonstnotion 
appear to have increased in length (Fig 19), the latter being longer than the former 
Caktum Oxalate. Crystals — Needle shaped crystals of calcium oxalate are 
present m different parts of the plant body. They are, however, absent m the 
mature roots and m the axis of the spadix below the appendicular region The 
size of the crystal sacs occurring m the different parts of the plant is, variable The 
largest are found m the appendage of the spadix, where they range from 66 2 to 
234*72 ix, the average being 169 62ji. The disposition of the crystals inside a sao 
is variable, and the occurrence of more than one bundle of crystals inside a sac is 
not infrequent. The average length of the individual crystal is about 50p 

The first indication of the origin of the crystal sacs is noted by the slight increase 
in size of the oell, followed by a corresponding increase in size of its nucleus and 
nuoleolus. The cytoplasm is very dense at this stage. At the next stage small 
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vacuoles become apparent m the oytoplasm and the nucleus is pushed to the peri- 
phery At this stage the appear anoe of granular matter is first noted inside the 
vacuoles Along with the progressive in crease in size of the oellq. its nucleus and 
nucleolus also increase m size, and the raphides become apparenk'’'*fiPhe nucleus 
generally lies at one side of the cell but m a few instanoes it has been observed to 
oocupy a central position surrounded by groups of crystals When the Bac attains 
its full dimension the nucleus disorganises, and no trace of it or the cytoplasm 
remains 

It is interesting to note in this connection that with the gradual increase m size 
of the nucleus, the chromosomes become differentiated and generally two or three 
of thorn are seen to be attaohed to the nuoleolus The prophasio oondition of the 
nucleus oontmues till the orystals are organised, when it disappears Thus it 
appears that the nucleus has a distmot role m the formation of the orystals 


III Embryology 

The early indication of the development of the pistillate flowers is noted by 
the protrusion of the papillate processes on the axis The growth of the pnmordia 
soon becomes arrested and from its base meristematio tissue appears in the form of 
a ring This grows upwards and later ourves inwards to meet at the oentre Thus 
the ovary is organised as a closed chamber The oentre of the primordial tissue 
later gives rise to the placenta from which a single orthotropous ovule develops 
The growth of the ovule, as compared to that of the ovary, is comparatively rapid 
In most oases on account of the absence of space inside the ovarian chamber the tip 
of the ovule lies eccentrically at one side due to the curvature of the fumole as 
illustrated in figure 20 Later, howevor, when the ovule booomos fully developed 
the funiculus straightens itself, still, in most cases the mioropyle is ecoentrioally 
placed The stigma is sessile and somewhat concave on the outer surface, from whioh 
uruoellular hairs are produced A very slender stylar canal is present, this is bounded 
inside the ovary by auricular processes of the ovarian wall 

The pnmordium from whioh the ovule an see grows upwards from the basal 
placenta as a hemispherical mass of tissue The inner integument soon becomes 
differentiated and by its rapid growth onoloses the nucellar tissue at an early stage 
of its development The pnmordium of the outer integument appears soon after 
the inner, but its growth is comparatively slow In the mature ovule the nuoellus 
is completely encased by the inner integument the tip of which becomes somewhat 
swollen and forms a narrow mioropyle The outer integument stands at a slightly 
lower level and the portion next to the fumoulus is broader than the apex The 
inner integument is composed of three layers of cells except at the tap where it is 
swollen and consists of four to six layers of cells The cells lining the mioropyle 
have dense oytoplasm and are radially elongated The inner layer of the inner 
integument subsequently forms the tapetal layer of the megagametophyte and is 
composed of rbotangular oells with their longer axis porpondioular to the longi- 
tudinal axis of the ovule 

Three vascular traces enter each ovule These unite in the fumole and split 
in the ohalazal region mto two branches, whioh enter the outer integument and 
extend nearly up to the mioropyle 

A single hypodermal oell at the apex of the ovule beoomes differentiated as the 
aroheeponal oell and directly functions as the megaspore mother oell (Fig 21) It 
enlarges during the meiotio divisions and the oytoplasm beoomes finely vacuolate. 
During di akinesia 9 pairs of chromosomes are seen inside the nuoleus At this 
stage the epidermal oell overlying the megaspore mother oell divides periolmally so 
that it is pushed inside the nuoellus Two cells are produoed following the first 
division of the M M C Both of whioh divide simultaneously and the spindles lie 
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parallel to the longitudinal axis of the ovule (Kg 22) The result of these divisions 
is the production of a linear tetrad of megaspores (Fig 23) 

The mioropylar megaspore is the first to degenerate followed by the next two in 
auooession The ohalazal megaspore by its activity gives rise to the megagameto- 
phyte At the binuoleate stage a large vacuole forms between the two nuolei which 
he at each end Further divisions of those nuolei lead to the production of a four-, 
and later, of an eight-nuoleate megagametophyte From the binuoleate stage 
onwards degeneration of the surrounding cells of the nucellus is noted and the process 
is almost complete at the eight-nuoleate stage, when the embryo sao is directly in 
oontaot with the inner mtegument The oells donved from the epidermal cell above, 
however, have divided several times and produced a nuoellar cap composed of many 
oells (Fig 28) 

In the eight-nuoleate megagametophyte the synergids aro somewhat pear- 
shaped and have the usual basal vacuole The egg is somewhat inconspicuous and 
generally lies covered up by the synergids (Fig 24) The polar nuclei migrate to the 
oentre of the megagametophyte and fuse Duo to the differential growth of the 
embryo-sao following the fusion of these nuolei it comes to lie adjaoont to the anti- 
podal The antipodals are three in number and appear as distinct cells They 
are about twice the size of the synergids and are triangular in form, with the pointed 
ends projecting downwards Fig 24 illustrates a mature embryo sao and its 
component parts 

The pcilen tube enters the embryo-sao by the way of the micropylo and its 
remnants can be soon in many preparations showing this stage * Stages of fertilisation 
wero, however, not observed After syngamy tho synergids and the antipodals 
degenorate and the egg remains suspended from the micropylar end of the sao It 
appears to be somewhat elongated at this stage The embryo sac becomes consi- 
derably elongated after fertilisation and the primary endosperm nucleus lies dose 
to the base of the sac At this stage the oells of the nucellus lying in oontaot with 
the ohalazal end of the ombryo-sao show a typical ‘postamont’ like appearanco 
(Fig 24) But it should be noted that with the gradual enlargement of the embryo- 
sao, which occurs during the post-fertilisation stages resorption of the nucellus at 
the ohalazal ond takes place and all trace of this strand like tissue is lost 

As in most plants tho endosporm nucleus divides before the oosporo It 
migrates slightly towards the centre of the sao before division Karyokinesis is 
followed by wall formation and the embryo-sao becomes divided into a large 
micropylar and a small basal chamber (Fig 25) The latter, however, increases very 
much in size in later stages The micropylar endosperm cell very soon divides 
transversely (Fig 26) Thus is followed by divisions in similar pianos of the daughter 
'cells At this Btage the cells of the lower tiers divide longitudinally while those 
of the upper might divide several times transversely Later divisions take place 
in various planes and a typical cellular endosporm is formed capping the large 
basal cell (Fig 27) Along with the growth of the ovule tho endosperm cells mul- 
tiply rapidly and extend inwards in the form of an aro which, however, later beoomes 
oonvex in form (Fig 29) The lateral edges of the endosperm tissue whioh aro one 
oell in thickness extend inwards and line the basal chamber for a considerable 
distance In the later stages of development the endosperm increases mainly duo 
to the aotmty of its outermost layers of oells, whioh line the basal ohambei The 
inner oells booome conspicuously vacuolated and elongated With the rapid 
development of the endosperm tissue the nuoellar oap disintegrates and no trace 
of it is found in later stages The colls of the endosperm show abundant starch 
grams 

The ohalazal oell never divides but reaches an enormous size, oooupymg nearly 
one-third the space of the embryo-sao cavity, its nucleus also shows corresponding 
increase in size and is surrounded by dense oytoplasm. The form of the nuoleolus 
appears to be somewhat irregular at this stage. In later stages of the development 
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of the seed it completely disintegrates With the development of the endosperm 
in the mioropylar chamber, the basal chamber gradually becomes reduoed in size 
and in tho mature seed it oooupies about one-third the space ef the embryo-sao 
The iiuoellar cells lying immediately below the basal ohamber signs of dis- 
integration as the ohamber increases in size This is very oonspiouous m the later 
stages Thus it appears that the basal oell is haustonal m function and brings 
about a disintegration of the surrounding oells by the secretion of an enzyme In 
the mature seed the mioropylar portion containing the endosperm and embryo are 
prominent, whde the basal chamber with the haustonal oell along with the surround- 
ing coat of the parent sporophyte remains as a withered protuberanoe at the ohalazal 
end (Fig 10) 

The embryo develops more slowly than the endosperm The oospore divides 
after a few oells havo been formed in the mioropylar chamber of the endosperm and 
tho first division is penolmal (Fig 30) The mioropylar oell is larger and grows 
slightly m size at later stages but does not undergo any further division and remains 
as a ono-cellod suspensor The smaller distal oell gives rise to the embryo proper 
Its first division is longitudinal, l e , perpendicular to the previous plane of division 
(Fig 31). This is fol lowed by transverse di visions in both the daughter cells (Fig 32) 
The next stage observed showB tho embryo to bo oomposed of two tiers of cellB The 
immediately succeeding stages have not been observed and a globular embryo is 
next noted in which the dermatogen appears to have differentiated (Fig 33) Cell 
division now takes plaoe in various planes and the embryo becomes somewhat 
ovoid m form Very soon a notch appears at one side of the embryo which separates 
the terminal cotyledon from the lateral plumule pnmordium In later stages the 
terminal ootyledon enlarges rapidly with the result that the plumule is pushed olose 
to the mioropylar end of the embryo The radioular portion of the embryo does 
not appear to be well differentiated even at this stage In the mature embryo, the 
growing point appears to be a hemispherical promotion oovered up by a few rudi- 
mentary cauline leaves (Fig 35) 

A transverso seotion of the ombryo in the region of the plumule shows the 
hemispherical growing point partly encased by the leaf pmnordia 

Figure 29 represents a longitudinal seotion of a maturo fruit where the com- 
parative size and position of the embryo, endosperm and basal ohamber are dearly 
seen Externally the fruit is oovered by the pericarp Below this occurs the 
outer integument, while the inner integument is seen as a disorganised layer closely 
adpressed to the endosperm At tho lower end, the large empty basal ohamber 
remains surrounded by the partly disorganised cells of the nuoellus. 

IV Cytology 

Mitosts — The diploid number of chromosomes as determined from root tip 
oells in Typhonwm tntobaivm is 18. The complement is made up of 0 long, 0 medium 
and 0 short chromosomes Of these 4 chromosomes possess trabants and two show 
secondary constrictions The oentromere constrictions appear to bo differently 
located Thus of the 0 long chromosomes 4 have sub-terminal constrictions and 2 
median, the 0 short chromosomes median, and of the 0 medium chromosomes, 2 have 
sub terminal and 4 median attachment, while the 4 SAT- chromosomes have mediafi 
constrictions. The Bat-chromosomes show slight difference in length of the filament 
but the nature of the trabant appears to be the same (Fig 30) 

When the onset of prophase the ohromoeomes appear as small globular bodies 
which lie mostly adpressed to the nuolear membrane From these the organisation 
of oloselv ooiled threads inside the nucleus soon becomes apparent. The nuoleus 
as also tne nuoleolus attain their maximum size at this stage The latter lies some- 
what eooentrically and » Been to be connected to a number of ohromoeomes Careful 
examination ofFeulgen-Light-Green preparations shows that the secondary oonstrioted 
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and Bat-chromosomes are alone attached to the nnoleolns Figure 37 shows an 
attachment by three such chromosomes The number of nuoleoli oooumng at this 
stage is variable Generally a single large nucleolus is present, but two nuoleoli 
are frequently seen, while throe or more are less frequent Where there are more 
than one nuoleoli, an appreciable size difference is noted 

With the disappearance of the nuolear membrane the ohromosomes beoome 
regularly aligned at the equatorial region of the spindle The nucleolus as a rulo 
disappears at this stage, but m a few instances it has been noted to lie either in the 
central region or move boddv to one of the poles m advanoo of tho ohromosomes 
In the former case it generally divides into two unequal halves whioh move to tho 
opposite poles, and are later oast out into the cytoplasm 

Polar view of metaphase shows that the chromosomes are double The nature 
of the twisting of the ohromatids could not, however, be made out on aocount of 
their small size 

Tho anaphasio movement of the chromosome* appears to be rogular and no 
laggards have been noted The ohromosomes on reaching the poles ho free from one 
another and the homologue of each chromosome can be made out The longer 
chromosomes do not appear to be situated at the periphery of spindle 

Examination of telophase nuclei shows that the ohromosomes have undergone 
a certain amount of expansion and appear as elongated threads In some of the 
ohromosomes the split for the next division is apparent The number of nucleoli 
in eaoh nuoleus appears to be variable at this stage The maximum number of 
independent nucleoli observed was six (Fig 38) Fusion of these nuoleoli oommonly 
takes plaoe and one large or two equal sized nuoleoli are generally seen at later stagey 
During early telophase the protoplast assumes a phragmoplastio appearance 
and a hyaline cell plate appears in the central region The phragmoplast soon in- 
creases in size and extends laterally Along with this the spindle fibres in tho oentral 
region disappears, but those at the periphery become oonspiouous As tho phrag- 
moplast touches the lateral walls of the oell, these stnations also disappear and the 
cell plate extends both ways Thus the phragmoplast brings about a division of tho 
cell by its growth and lateral expansion It is interesting to note that suoh a mode 
of oytokmesis has been observed previously by Sharp ( 1 9*1 1 ) m Phyeostogya v\rg\n\ana 
and recently by Rao (1942) m Santalum album 

Metoma — Tho primordia of the anthers devolop lator than those of the 
ovule, while those producing the filiform prooesses, the so-oalled neuter flowers 
develop last 

The initiation of anther pnmoidia is noted by the inoreaso in length and anti- 
clinal division of the hypodermal cells m the staminate region of the spadix Tho 
oella in this region beoome demarcated in groups of actively dividing cells Very 
soon the surface of the spadix beoomes wavy in outline and gradually the anthers 
protrude out These appear to be quadnlocuJar in transverse sections 

The development of the sporogenous oells oould not be definitely traoed, but 
the arohesponal oells are hypodermal m origin When the sporogenous cells are 
first noted they are seen to be separated from tho epidermis by six layers of oells 
Of these the outer four layers are somewhat elongated and form tho parietal layers, 
while the inner two represent the tapetal layers and are somewhat polygonal m 
shape 

The sporogenous oells oould be mado out by their bigger size, greater ohroma- 
ticity and dense cytoplasm The nuoleus of the mother oell is spherical in shape 
and has a well-defined nuclear membrane It contains a deeply stained nucleolus and 
faintly stained obromatio threads, which are spread uniformly throughout the nuolear 
cavity Prophase of the meiotio division is noted by the greater ohromatioity of 
the threads whioh appear to be somewhat twisted. The separate threads oould not 
be traoted at this stage. Occasionally, however, free ends are seen. Pairing of the 
loptotene threads is noted by the appearance of threads whioh we thicker at certain 
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regions and thinner at others When pairing i e oomplete the threads become thicker 
and shorter and contract to one side of the nuclear cavity and finally condense into 
a tight symzetio knot Generally one nucleolus is present at this stage, which may 
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Flos. 86-47. Typhonium tnlobatum Fig 86. The somatio complement of 18 chromo- 
somes (X 8600) Fig 87. Attachment of Sat and Sec oonetrioted chromosomes to the nucleolus. 
( x8800). Fig 38 Telophase nuclei (somatio) — with six nucleoli in each nuoleus (x8600). 
Fig. 80. Prophase of meiotio nuoleus (XS600) Fig 40. Pachynema (x3S00) Fig 41 
Dialdneeia (X8600) Fig 42. Configuration of bivalents at metaphase (x3500) Fig 43o-e. 
Various types of secondary association ( X 2440) Fig 44. Anaphase I. Chromosome bridge 
and fragment (X3600) Fig 46. Telophase, I division: note three nuoleoli In each nucleus 
( x 8800). Fig. 46. Part of periplasmodium showing the peripheral position of nuclei ( X 460). 
Fig 47; Blnucleate pollen grain (x3600). 
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or may not be enoloeed in the meshes of the contracted knot Loops are frequently 
thrown out from the synizetio knot and these are distinctly double in nature Tight 
synizetio knots as seen in this material are now regarded as artefaots produoed by 
fixing agents aooentuating the real contraction of the ohromosomes Nevertheless, 
symzeeis represents a very dehoate condition of the nucleus On recovery from 
symzesis tho threads become distinctly thicker and he freely distributed inside the 
nuclear oavity (Fig 40) The double nature of the chromosomes becomes evident 
at places A single nuoleolus is present, to which three pairs of chromosomes are 
seen to be attached 

Progressive condensation of the ohromosomes takes place till tho diplotene 
stage is reached, which is noted by the separation of the paired chromosomes The 
quadripartite nature of the ohromosomes could not, howovor, bo made out, but the 
ohromosomes seem to have an irregular outline At this stage chiasmata are seen to 
oonneot the chromatids The chiasmata undergo terminal movement on the 
condensation of the ohromosomes to form the bivalents 

At diakmosis terminalisation of the chiasmata is complete and the nine bivalent 
chromosomes whioh appear as rod-shaped bodies lie approximately equidistant from 
one another Aooordmg to Lawrenco (1931) this is due to a repulsion phase which 
is initiated earlier and continues up to diakinesis In most preparations showing 
this stage three bivalents are regularly seen to be attached to the nucleolus which is 
sphenoal in shape Tho bivalents appear to be almost similar In no case was 
multivalent formation noted It is at this stage that the pollen mother cells show 
signs of rounding off 

Towards the olose of diakmesis, the nuoleolus disappears by progressive diminu- 
tion in size and tho bivalents move towards the centre of the nucleus forming groups 
or associations This is the commencement of the secondary pairing of tho chromo- 
somes which becomes marked in metaphase This association of chromosomes is 
also observed in metaphase II 

An analysis of different types of secondary association as observed m motaphase 
I is presented in Table I below 


Table I 
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The maximum number of association between bivalents was found to be 
1(4) +1(3) + 1(2) It showB one group of four, one group of three and one group 
of two making three separate associations 

Side view of metaphase shows that the bivalent chromosomSrgroup themselves 
rogularly on tho equatorial region of the spindle They appear to be equally spaced 
and the two members of a pair can be easily made out m most oases (Fig 42) 
Soeondary association is mamtamed to some extent at anaphase Different views 
have been expressed for the anaphaaio separation of the chromosomes Kuwada 
(1929) behoves this is due to polar attraotion, while Darlington (1932) is of opinion 
that it is a ‘polar’ ropulsion, whioh is essential for metaphasio equilibrium Cat- 
cheside (1934) suggests that the attachment constrictions are the regions of looahsod 
foroes, which lead to a mutual repulsion of the ohromosomes of a bivalent Alam 
(1936) thinks that the anaphasio separation is the result of more than one foroe 
‘Repulsion between attachment constrictions and the attraotion of tho poles ’ 

Separation at anaphase I is normal in most oases In a very few anthers (less 
than 5%), however, the pollen mother oolls show the presence of inversion bridges 
Each of these bridges produce a dioentno chromosome and an acentno fragment 
(Fig 44) The acentric fragments are very small indicating that not only tho in- 
verted segments are small but also the chiasmata are extremely terminal Tho fate 
of these mvorsion bridges could not bo dearly followed, but their absence during 
second division shows that they are not included m the gametes The few lagging 
bivalents noticed during first division are duo to mechanical difficulty consequent 
upon ohiasma formation in inverted segments All such bivalents later develop 
into true inversion bridges releasing the acontno fragment incidentally 

The ohromosomes on reaching the poles organise a telophaso nucleus They 
become somewhat olongated and the split for the 2nd division is apparent in most 
of the chromosomes Careful examination shows the presonoe of three nuoleoh 
in each nucleus, of which two arc almost equal in size and one smaller (Fig 45) 
The mtorkmetio stage seems to be of some duration The protoplast assumes a 
phragmoplastio appearance and a cell plate appears in the oontro, which divides 
the oell into two equal halvos 

The two separated daughter ^nuclei as a rule divide simultaneously Anaphasio 
separation is normal, the two groups move simultaneously and no lagging univalents 
are seen On reaching the poles, grand daughter nuclei are organised, each of whioh 
shows the presence of two to three nuoleoh and slender ohromosomes As in telo- 
phase of division I, a oell plate appears m the oentral region at the end of telophase 
and pollen tetrads arc produced Various forms of arrangement of the tetrads are 
seen This depends mainly on tho arrangement of the spindles during II division 
Tetrahedral and isobilateral modes of arrangement being very common, such diverse 
modes of arrangement appear to be a oommon feature of monocotyledonoua plants 
The pollen grains are at first uninucleate The nucleus soon divides and gives rise 
to a generative and a vegetativo nuolei This is the condition m whioh the pollen 
grains are shod (Fig 47) Mature pollen grams have an average diameter of 45ft,, 
when examined in laotio acid 

Periplasmodium — At the time of differentiation of the sporogenous oells, 
the tapetum is two-layered The cells are uninucleate and contain dense 
cytoplasm At an earlier stage some of the tapetal oells have been observed to divide 
by penohnal walls Suoh divisions are generally completed before prophasio changes 
become apparent in the miorospore mother cells Binuoleate tapetal oells have not 
been observed 

During synizesis the innermost tapetal oells are first noted to protrude into the 
anther cavity The cytoplasm alone moving inwards The nuolei are spherical 
and the walls delimiting the cells are dstinot at this stage During later stages of 
meioeis (I division onwards) the cytoplasm progresses further inwards and even 
reaches across the anther loculus at places, dividing the miorosporangmm into 
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compartments At this stage the” walls delimiting the individual tapetal oells 
disappear and the nuolei are seen to be situated at the periphery of the anther 
cavity embedded in a homogoneous oytoplasmio mass At the pollen tetrad stage 
the tapetal nuclei are soon to leave their peripheral position and migrate mto the 
miorosporangium At this stage the plasmodium fills up the anther cavity com- 
pletely but is not m contact with the pollon tetrads The nuclei of the plasmodium 
which are irregularly distributed aggregate at plaoos and retam their original form 
This close aggregation of nuoloi very often leads to their fusion resulting in the 
production of nuolei of variablo shape and size When the mioroepores have been 
organised the plasmodium comes in contact with the pollon grains but the nuolei 
remain separate and present a conglomerated appearance Fusion of two or more 
nuolei is commonly seen at this stage In no case was amitotio division of the 
nuolei observed With the development of the exme of the pollon grains the plas- 
modium becomes highly vacuolated and ultimately during the bmucleate condition 
of the pollen grains it completely disappears At this stago the parietal layers of 
the anthor wall become crushod and obliterated, while the ondotheoial layer becomes 
radially elongated, except at the tip of tho connective, whore it is represented by 
smaller unthiokened cells Rupture of those oells brings about the dehiscence of the 
anthers, whioh is thus 'porous’ m naturo 


Discussion 

Morphology — The occurrence of oontractde roots seems to be a characteristic 
feature of Typhontum tnlobatum as all aroids do not possess it Anatomical studies 
indicate that it is mainly tho outer tissue of the cortex, which shows the corrugation 
while the stele and the inner oortex remain unaffeoted Tho hmitod observations 
that have been made on the nature of the oontractile roots of different plants show 
that the zone of contraotion is restricted to tho outer oortex Rimbaoh (1897) was 
the first to explain the oause of wrinkling He states ‘that the shortening is due 
to a chango of form of tho inner oortioal cells, whioh increasing in a radial and tan- 
gential direction suffers a great deoroaso in length ’ Woodhead (1904) supports this 
view, but Arber (1925) working on Hypoxia failed to find any evidenoe in this direction 
and pointed out the baffling nature of the problem Evidenoe obtained in the oourse 
of the present study supports partially Rimbaoh & Woodheads’ observations, as 
there is an morease in volume of the outer oortioal oells whioh, however, also show 
an increase in length Nevertheless, it is difficult to understand how an morease 
m radial and tangential directions of the outer oortioal cells alone could bring about 
the contraction unless wo assume the presence of cells at regular intervals, which 
retain their original dimensions Such a mode of contraction would present a 
different appearance to what has been seen in the present material, whioh inchoates 
that apart from an morease m volume of the cells of the outer oortex, an internal 
pull is exerted by oertam oells at intervals, due to which the cells at these regions 
present a lamellated appearance This gives rise to the so-called furrows at the 
oonstnoted regions The origin of this pull might bo due to physical or chemioal 
changes in the cell-wall 

The nature of ptyxis is also peculiar, but does not appear to be a characteristic 
feature as it has been noted m Colocoexa anttquowm and Ahcaaia spa. It appears 
that aroids with trilobed leaves show this peculiar mode of folding of the leaves 

The appendage of the spadix has received muoh attention from various inves- 
tigators. Arber (1925) on anatomioal evidenoe suggested that it was composed 
of the fused bases of the male flowers and represented a region of the infloreaoenoe 
in which sterilisation is marked. This view has been confirmed by Engler (1881-84) 
who has shown by a comparative study ‘that the club is not a naked axis but it 
OObsists of an incompletely developed part of the infloreecenoe 
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In the oourse of the present investigation, a spadix was obtained in which a few 
isolated male flowers (stamens) ooourred a little below the appendage and in con- 
tinuation of the male infloresoenoo These were comparatively large, being four 
to six timos the size of the normal stamens and of the same oolotK-aaAhe appendage 
Tho microsporangia were also larger and contained abundant pollen grains which, 
however, woro of tho same size as those found in normal anthers At a slightly 
higher level and still oloser to the appendage occurred other stamens, which were 
storilo Figure 9 shows the region of the spadix where the sterile flowers are located, 
whilo the empty spaoe below inchoates the position of the larger fertile stamens Tins 
gradual transition inchoates that tho appondage is derived by the union of suoh 
sterile flowers Further evidenoe in this direction is obtained on anatomioal grounds, 
which shows that vascular traoes are given out regularly from the central strands 
of the appendage Tho number of suoh separate traces are quite large and extend 
to the periphery It is interesting to recall that each stamen is supplied by a single 
vascular trace, which oharaotor porsists even in the appondage 

A ruitomy — The anatomy of the petiole shows difference in the various genera 
due primarily to the mode of distribution of the mechanioal tissue whioh may be 
collenchymatous or solerenohymatous Solereder (1928) states that tho mechanical 
tissue in the petiole may be either disposed m the form of a complete ring below the 
epidermis, or it may be narrower or broader at different regions and protrude mto 
the ground tissue, or it may ooour in isolated patches separated by chlorenohymatous 
cells The mechanioal tissue of T tnlobalvm is composed ontiroly of collenchy- 
matous cells whose structure has boen already described It occurs in isolated 
patches in the hypodermal region of tho potiole, as has also been noted in Philoden- 
dron It thus forms a sub-epidermal girder system, which is the most suitable type 
of arrangement for cylindrical inflexible organs This mode of arrangement of the 
mechanioal tissue is aUo found in Coloeatta antiquorum where, however, the me- 
chanical strands vary in size and are regularly arranged at the periphery being 
associated with mestome bundles 

An interesting observation made m the course of this study was the absence 
of motaxylem elomonts in the vascular bundles of tho petiole and root In the 
bundles of the petiole, generally a single large vessel is present, or there may be 
one or more smaller ones associated with it In the roots where tho exarch arrange- 
ment prevails the xylem elements (apart from the xylem parenchyma) consist of an 
inner bigger vessel and two or three smaller outer ones The size of the larger 
vessel and its position would seem to indicate that it is a metaxylem element, but 
developmental studies show that it is the first to differentiate and it shows tho 
annular thickening Further, examination of maoeratod material from roots and 
petioles confirmed these observations 

The concept of protoxylem and metaxylem has undergone considerable ohange 
since Russow (1872) and Van Tieghem (1887) first introduced these terms Tne 
original meaning of the words was modified later when the sculpturing of the wall 
was taken into account Esau (1943) states ‘eventually the tendency to ascribe 
to protoxylem and metaxylem a definite wall morphology became prevalent and it 
influenced the formulation of concepts of primary xylem by wi iters of modern 
reference works’ The International Association of wood anatomists recognise the 
metaxylem as the pitted tracheal elements (the sealanform elements also included). 
Frey-Wyssling (1940), however, favours the abandonment of delimitation of these 
two tissues on the basis of wall soulpture and suggests the ‘rcintroduotion of the 
ontpgenetio aspect into the classification’ He finals difference in the structure of 
metaxylem elements m different groups of plants whioh m oertain instances have 
been noted with spiral secondary thickening Esau (1943) also states that the 
thiokening of the metaxylem elements may vary from spiral to pitted 

Popham (1941) has suggested the abandondmg of the terms ‘protoxylem’ and 
‘metaxylem’, because ‘in the differentiation of xylem oells, location, time of enlarge* 
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ment, time of secondary wall lignifleation, time of differentiation and the pattern 
of the secondary wall do not always bear a speoifio or oonstant relationship to tliy 
kind of origin, whether primary or secondary ’ 

Embryology — A review of the literature Stows that tho arohesponal oell in the 
family Aracoae may bo one or many The former condition, however, appears to 
be more common and the archesporial coll is hypodermal in most members of the 
family In some plants su< h as Anthurium crystallmum, A violaceum, Symplocarpus 
foettdua, it outs ofl a paiiotal toll and then functions as the megasporo mother oell 
In Arum maculatum, Homalonema alba, Acorns calamus and otheis it directly func- 
tions as the megaspore mother coll This condition has been observed m T triloba- 
tum, which comes undoi the tribe Anneao to which Arum maculatum also bolongs 
The epidermal cell which overlies the megaspore mother cell forms a micellar cap 
by repeated divisions Such nu< ollar caps have also been noted m Peltandra mrgvnxcu , 
Arum maculatum, ('alia palustns and in other plants In A cor us calamus, however, 
the nuoellar cap is composed of a single layer of cells formed by the division and 
radial elongation of tho epideimal colls 

More than one type at embryo sab development has been recorded in this family 
Schnarf (1931) records tho occurrence of ‘Lihum type’ of development in Ihcffen- 
bachta segume and Anthurium violaceum The 'Sulla-type’ ol development has 
been found in Homalonema urgentu and Nsphthylis Grayenreuthu, whereas, m the 
majority of plants investigated ‘Normal-typo’ of development prevails In tho 
tribe Armeao, to which T tnlobatum belongs the development of the female game- 
tophyte has so far been reoordod m Arum maculatum and Artsaema tnphyllum 
both of which show normal type of development Mahosbwari (1937) has noted that 
Acorns calamus, Riehardia afneana and Zantedeschia aelhiopica, which have been 
recorded as belonging to the ‘Adoxa-typo’ (Lihum type) bv early workers, have on 
re-mvestigation been found to belong to the ‘Normal-type’ 

The ohalazal macrospore does not always produce the ombryosao Schnarf 
(1931) states that in Anthurium crystallmum and Spathiphyllum Patinii, the micro- 
pylar megasporo produces the embryo-sac But it should be noted that in most 
of the plants, as m T tnlobatum it is tho ohalazal megasporo that functions 

A remarkable feature one comes across in the literature on tho ombryology of 
the Araocae is the development of the basal apparatus Tho nucleus of tho baspl 
chamber may remain undivided or it may divide without tho formation of walls or 
give rise to a number of cells as a result of division Tho nature of the basal appara- 
tus in T tnlobatum has already been described and it needs only be pointed out m 
this connection that it agrees olosely with Jacobson Palav’s (1920) findings in Arum 
maculatum Tho ‘ohalazal cell’ (basal apparatus in T tnlobatum ) moroases m size 
With the development of the seed and brings about a degeneration of tho surrounding 
cells oi the nucellus on account of its haustonal nature But no haustorial processes 
radiate from this chamber as observed by Boodle and Hill (1929) in Typhonodorum 
Lmdleyanum It remains throughout as a hollow spherical chamber Consequent 
on the inoroase in sue of the basal chamber tho postament like strand of tissue 
observed in tho early stages disappears completely In A corns calamus, Buel (1938) 
notioes the postament even in the later stages and it set ms to be concerned with the 
nutrition of the embryo From the nature of the postament observed m Acorua 
calamus and other plants one is inclined to behove that the strand like tissue observed 
at the base of the embryo sao in T tnlobatum oould not bo strictly referred to as 
such. 

Cytology — A vast amount of literature has accumulated on the origin of the 
nucleolus and its relation to the chromosomes Wager (1904) working on Phaseolue 
observed that the nucleolus was suspended in a nuolear net-work by numerous 
strands It was Latter (1926) who first discovered the nucleolus to be oonneoted 
to a loop of the spireme in the pollen mother cells of Lathyrus Her observations 
have later been confirmed m other plants and it is now known that tho ‘ nucleolar 
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bodies’ of Latter with their attached chromosomes represent particular chromosomes 
responsible for organisation of the nuoleolus at telophase Working on Oaltonxa, 
Navaslun (1912) observed the nucleoli^ to be attached to a pair of satell ites Sorokin 
(1924) also reported suoh chromosome-nucleolus relationship WKSHtonculus aerxs 
Heitz (1931) first showed that the nuoleolus was produced oither on the satellite stalk 
or on the secondary constriction of the chromosome Resende (1937) working on 
Aloe oonfirmod Heitz’s findings McClmtook (1934) found that m Zea may», the 
nuoleolus is organised around a deeply stained body on the chromosome at the base 
of the satellite stalk, which sho called the nucleolar organising body, responsible 
for the organisation of nucleolus Similar relationship has been observed in reoent 
years by many workors Gates (1937) has reoently reviewed the relevant literature 
on the subject 

A cntioal study of chromosome-nuoleolus relationship has not been made in the 
present investigation, but the evidences obtained during the oourse of study show 
that the four satellited and two secondary constricted chromosomes play an important 
role m tho organisation of the nuoleolus, as during mitosis these chromosomes have 
alone been seen to be attaohed to the nucleolus Tho organisation of six nucleoli 
in the telophase nuoleus leads ono to infer that these nucleoli have been organised 
independently by these satolhted and secondary constricted chromosomos During 
meiosis also, the number of bivalents seen attached to the nuoleolus at diakinesis 
was three, and the number of nuolooli organised at telophase of I division m eaoh 
nucleus was again three It is now generally agreed that the Sat-ohromosomes and 
the secondary constricted chromosomes oaoh organise a nucleolus and the number of 
independent nucleoli found in a nucleus corresponds with tho number of suoh 
ohromoaomes Thus Bhaduri (1940) found the oonstant presence of four nuoleoh to 
correspond to the four secondary constricted chromosomes in spooies of Oenothera 

Chromatid bridges in the anaphase of I division has been observed in very few 
anthers (less than 6 per cont ) Suoh bridges disjoin with difficulty, fragments 
are seen which indicate that they are formed by the breakdown of the bridges 
Tho presenco of suoh dicentric chromatid bridges with acentric fragment may be 
expected on the basis of crossing over within an inversion Richardson (1936) 
and others havo discussed the processes which lead to the formation of bridges and 
it is not proposed to discuss it here Upoott (1937) has correlated bridge formation 
with sterility m Tvlipa Aooordmg to her, more than 10 per cent inversion bridges 
lead to considerable sterility The very low percentage of bridges and the absence 
of sterde pollen indioate that such aberration in meiosis is not of any significance 
m T trxldoatum 

Kuwada (1910) was the first to notice the association of bivalonts at metaphase 
I in Oryza rntxva Ishikawa (1911) also noticed such association of chromosomes 
at metaphase II of Dahlia varxabxlxs Since then tho phenomenon has been observed 
by several investigators, but its real significance was not clearly understood until 
Lawrence (1931) pointed out that it is an expression of anoestral homology between 
the associated bivalents Secondary association aooordmg to Lawrence is an indica- 
tion of allopolyploidy The association is best seen at prometaphase and it remains 
so until mterkinesis when a repulsion force develops and keeps the chromosomes 
away from one another It is apparent again at metaphase II Secondary associa- 
tion of ohromosomes has been observed in a large number of plants and it has led 
to the determination of the primary basio number in certain genera Lawrence 
(1028) by a study of secondary association has shown that though the lowest haploid 
number of ohromosomes of the Dahlias is 10, it must have been evolved from a 

r es with 8 haploid ohromosomes whioh has now beoome extinct Nandi (1030) 
found ovidenoe to show that n = 12 number in Oryza rntxva has been derived 
from the basic number five Similarly m Solatium tuberosum (2n ■= 24), Muntzing 
(1038) found the basic number to be six 
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From Table I it will be seen that excepting two oases out of seventy-four, the 
bivalent chromosomes during 1st metaphase of the P M C as a rule showed different 
degrees of seoondary association Only m two cases, nine free bivalents were ob- 
served It will be further noticed that the maximum seoondary association for the 
present material is 1(4) +1(3) +1(2) and the basio number accordingly should 
be 3 Assuming the theory of secondary association to be oorrect, the present 
observation leads to the conclusion that T tnlobatum is a secondary polyploid and 
the haploid number, » = fl, is derived from the original basic number 3 Such a 
low number has, however, not been reported in any other species of Typhonium or 
m any other related genera In Arum and Thenophonum the haploid number has 
been found to be n — 8 A thorough survey of the chromosome numbers in other 
relatod genera might show lower number than 8 The meiotio behaviour of the 
present species indicates the presence of a perfootly balanced chromosome set The 
pairing between the homologous ohromosomes is complete and the disjunction of 
the chromosomes is quite regular and normal T tnlobatum should, therefore, be 
considered as a balanced secondary polyploid Although evidence of seoondary 
polyploidy could not be gathered from the chromosome numbers of related genera, 
the study of the RAT- ohromosomes and the nucleoli in the present material confirms 
the above view According to the present conception regarding the phylogenetic 
significance of the number of nuoleoh present m the gametic cells of plants, a true 
diploid should have only a pair of identical and homologous nucleoli m the body 
oells corresponding to a pair of homologous and homomorphic SAT-chromosomos 
presont in the somatio complement Increase m the numbor of nuoleob is brought 
about by polyploidy, duplication of some chromosomes or through non homologous 
segmental interchange The presence of three distinct pairs of nuoleoh of two 
different sixes corresponding to two pairs of SAT-ohromosomes and another pair of 
ohromosomes with a seoondary oonstriotion m each nucleus, shows that T tnlobatum 
is a secondarily balanced polyploid and not a true diploid It is also not a structural 
hybrid exoept to a oertain amount of inversion hetero/ygosity present in the PMC 
Further, the complete absence of multivalent formations, absence of anv chromosome 
presont in tnphoato, and two different sizes of nucleoli rulo out the possibility of 
its being an auto-polyploid spocies 


Summary 

The papor gives an account of the morphology, anatomy, embryology and cytology of 
Typhonium tnlobatum — a common sroid of Bengal 

1 The stem is a sub globose conn of many internodes, axillary buds occur on the surface, 
these develop into separate plants next season, when the mother corm shrivels and disintegrates 

2 Adventitious roots occur m two or more whorls on the crown of the corm Tho roots 
are contractile and are spread out almost horizontally m the soil 

3 The leaves occur at the top of the corm and enclose completely the growing point whioh 
is a dome shaped structure The lamina is characteristically hastate in form and somewhat 
triseot The petiole is long and leaf base encircles the stem at its point of insertion During 
developmental stages the younger leaf and inflorescence are completely encased inside the 
petiole of the subtending leaf 

4 The mode of distribution of the veins of the leaf has been described. Free nerve endings 
are seen, which appear to be branched 

0. The phyllotaxis is pentastichous and the nature of ptyxis, whioh has been described in 
detail, it of a special type 

6 The spathe is oonstneted in the lower region and forms a barrel shaped chamber inside 
which the neuter and the female flowers are lodged Tho spadix has an appendage Tho male 
flower is reduced to a stamen, the neuter flower to a filiform prooees and the female flower to a 
pistil. 

7 The flowers are entomophylous The mode of pollination has been described in detail. 

8. The fruit is an ovoid one-seeded berry. Seeds are ovate, greyish black and slightly 
constricted at the middle from which projects the partially shrivelled basal region 

9. The germination of thi seed hat been studied. Its mode being the same as observed m 
other plants of the tribe. The plant is propagated both aexusUy and vegetatively 
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10 The corn consists of a mass of staroh filled pa renohyma tous cells with the vascular 
bundles disposed more or less in the form of a ring The conn grows by the multiplication and 
enlargement of the ground parenchymatous cells 

1 1 Periderm formation is noted at an early stage of the dovelopmgt of the eorm The 
periderm does not form a continuous cylinder but occurs in Isolated patent?"' ' The phellogen Is 
hypodermal in origin 

12 Internally the petiole shows the presence of hypodermal bands of collenchymatous 
cells placod at regular intervals Chlorenchymatous cells occur in between these bands , Ground 
tissue is composed of lsodiainetncal parenchymatous cellB with intercellular spaces 

13 The vascular bundles of the petiole are closed and collateral They show a scattered 
arrangement Xylem consists mainly of annular and spiral vessels reticulated or pitted vessels 
are absent 

1 4 The leaves show the typical dorniventral structure Collenchymatous bands are present 
at the ribB Stomata occur on both suracos 

15 The inner surface of the spatho is covered by papillose protrusions The rest of the 
tiHsue (excepting the dorsal epidermis) is parenchymatous Vascular bundles are accompanied 
by collenchymatous bands which occur hypodermally on the abaxial side of the spatho 

10 The root shows the normal anntomical features The central region is occupied by 
one or more large vessels, which differentiate first and show annular thickening In contractile 
roots the outer cortical region is alone affected At the point of constriction the cells get com 
pressed laterally and present a lamellated appearance 

17 The distribution of crystals of calcium oxalate m the different parts of the plant body 
has been recorded The rflla of nucleus in the development of the crystals h is been studied 

18 The development of the inalo and female flowers as also of the ovules has boen studied 
The ovules ore orthotropous ond bitegraic A nuoollar cap is present 

1 9 A single hypodermal archespoml coll differentiates as the megagpore mother cell This 
produces a linear tetrad of megaspores The clializal megaspore functions and produces an 
eight nucleate embryo sue The antipodals are larger than the Byucrgids and are triangular in 

20 The ondosporm nuoleuB on division produces two chambers The nucleus of the upper 
chamber produces the entire endosperm tissue, while the lower remains undivided and goes 
down to the lower part of the embryo.sac ond Amotions as a haustormro 

21 The earlier stages in the development of the embryo have been studied The embryo 
shows the usual monocot yledonous features and has a one-celled suspensor 

22 The diploid number of chromosomes is 18 The complement is mode up of 0 long, 
0 medium and 6 short chromosomes There are two secondary constricted and four Sat- 
chromosomes 

23 The telophase nuoleus of the somatic cells shows six nucleoli The phregmoplast 
appears to play an important rfile in tho formation and growth of tho cell plute in mitosis 

24 During meiosis secondary association of ohromosoroes has been noted The basic 
number based on maximum association has been found to be three 

20 Chromatid bridges and fragments have been found during tho anaphase of division I 
Chromosome-nucleolus attachment lias been observed ot different stages of meiosis and mitosis 

26 Pollen formation is of tho successive typo and the pollen grams ore binucleate at the 
timo of shedding The pollen grains have a granulated exino 

27 The formation and development of the periplasmodium has been followed and the 
behaviour of the nuclei of the plasmodium recorded Some of tho nuclei have boon observed 
to fuse 
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ON A PROBLEM OF ANALYTIC NUMBER THEORY 


By S Chowla 

(Communicated by Sir S S Bhatnagar, F R S ) 

(Read January 17, 1947 ) 

In his Vorlesungen vber Zahlentheorte Landau raison the problem of an 
‘ Momentary ’ proof of the theorem 

Let p denote a prime 9 3 (mod 4) Then there ate more quadratic residues than 
non-residues between 0 and | This note contains a reasonably elementary proof 
of this result We have 
Lemma 1 

If 0 < x < 1 we have 



of which an elogant and simple proof was given by Estcrmann in Joum Land 
Math Soc (1945) 

From Lemmas 1 and 2 we immediately get 
T.btmwa 3 

where a runs through all «(1 < n < p) with = + 1 . 

if runs through all n(l < n < p) with = — 1 


according as 0<x<n or n<x<2rr. 
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From Lemmas 1, 2, 4, 

Lemma 5 




whence 


(2) 


From (1 ) and (2), 

Lemma 0 


(3) 


From 


it follows from considerations of continuity that 

(4) 

-M* 

» i - 

V 

© 

From (1) and (4), 

(6) 

2(b-a) > 0 

Now 


(6) 

S>+.)=*^-l<mod2> 

From (6), 

(7) 

E(b~n) s b 1 (mod 2) 

From (5) and (7), 

(8) 

2(b-a) > 0 

From (3) and (8), 

<»> 

?G) ># 


Reference 

Landau, (1927), Vorletungen tiber Zahltntheone, Hand 1 


(!) 

(*> 1 ) 



NOTE ON A CERTAIN ARITHMETICAL SOM 


(Communicated by Sir S 8 Bhatnagar, OBE, F R S ) 
(Received October 14 , read November 23, 1946 ) 


I have recently investigated the s 


S r (n) =2 cr(w,)ff(« s ) 


where o(n) denotes the sum of the divisors of n and the summation is for all 
positive integral tij, m 2 , , u r suoh that u 1 +M a + +u r = n 

In the case when n is equal to a prime p, I find that S r (p) is a polynomial 
inp of degree 2r— 1, whenever r is less than 6 Thus 

Sx(p) <t(p) = p + 1 (trivial) , 

a) 


(Here p denotes a prime ) Whether S r (p ) is a polynomial m p when r exceeds 6, 
I am not at present able to determine 

My result (2) is used in a paper by R P Bambah and me to be communicated 
to the Quarterly Journal of Mathematics (Oxford) to prove that 

r(p) - 1+p 11 (mod 266) 

where p is an odd prime, and r(n), Ramanujan’s function, is given by 
J r(n)*« - *{(!-*)(! -*■)<!-*•) }“ ( |*| <1 ) 


Vest XHI— No. s. 




WIDTH OF NUCLEAR LEVELS 
By P L Kafur, University of Delhi, Delhi 
(Communicated by Prof D S Kothan, PL D , F N I ) 

(Read November 23, 194b ) 

Introduction 

Bohr (1936) has emphasised that the problem of nucloar dynamics is essentially 
a many-body problem and that for a proper understanding of nuclear transmutations 
we must regard the process as happening m two distinct stages On account of the 
dose packing and intimate coupling of the nucloar particles the incident particle 
on colliding with the nucleus immediately shares its energy with the othor cons- 
tituent particles of the bombarded nucleus and gets amalgamated with them, the 
whole system forming what is called an intermediate compound nucleus Each of 
the constituent particles m the compoigid nucleus will have some energy but not, 
in general, sufficient to enable it to escape from the rest It is only when the energy 
gets by chance conoontratod on any of them that it is enabled to escape from the 
reet Or it might happen that before the energy gets concentrated on any one of the 
particles constituting the compound nucleus, the system gets down to a stable 
state eithor by the emission of radiation (radiative capture) or by breaking into 
two lighter nuclei (fission) Thus the result of subsequent breaking-up of the 
intermediate compound nuoleus will depend upon a competition between the various 
disintegration — (including scattering), radiation and fission- processes which are, 
of course, consistent with the conservation laws 

Just as m atomio theory the probability of an atom in an exoited state emitting 
radiation depends upon the width of the level, the width of the intermediate oottl- 
pound nuoleus gives ua the probability of the omission of particles of any kind — 
neutrons, protons,, alpha-particles, photons, etc On this view the result of the 
competition between the various processes of disintegration, etc , of the compound 
nuoleus will depend upon the relative partial widths of the level for the various 
prooeeses Thus it is that a knowledge of the position and the widths of the levels 
of the intermediate compound nucleus becomes very important for calculating 
the oroes-seotion for any nuolear reaction 

The width of a nuclear level will depend (among other things) upon the energy 
of the level, its angular momentum and energy and angular momenta of the produots 
of disintegration To find this dependence we must introduce a special model of 
the nuoleus and then solve its wave equation If we could do this for the case of 
the intermediate compound nucleus, then at distances very great as compared with 
the nuolear radius some wave function should correspond to the splitting up of the 
oompound nuoleus, i e represent the produots of disintegration The calculation 
for the width of the level for any particular process of disintegration mil then be 
netting more than a mere evaluation of the matrix element corresponding to a 
transition from one state of the system to another But unfortunately at the moment 
we not only do not know the Hamiltonian for a nuoleus (all that we know is that 
the specifically nuclear foroe is a short range force of the exchange type , we do not 
know dependence upon distance) but, even if we knew it, we know no method 
of solving a many-body problem when the ooupling between the partioies is very 
intimate 
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Sometimes, however, it is required to know the dependence of the width pri- 
marily upon the energy and angular momentum of the expelled partiole and it is 
the object of this paper to calculate a limiting value for the width of a nuolear 
levol for very slow particles 


Calculation of the Width 


It has already been pointed out that inside a nucleus a partiole, be it a neutron 
or a proton, loses on acoount of the very dose coupling its identity by sharing its 
energy with the other constituent particles It is just for this reason that we 
cannot regard the two-body approximation as any good approximation at all 
Nevertheless when the particle is outside, 1 e beyond the range of nuclear foroee, 
which it would be if it is at a distance greater than r 0 , the nuclear radius, the two- 
body approximation becomes a very good one and we can write at onoe for its 
equation (radial part only) 1 

111 [£ +t ._vJ«+U],. ( ,)_o 


Where all energies are expressed in units of HMjfi*, M being the effective mass of 
the outgoing particle The other symbols have.thoir usual meaning This equation 
does not hold for the region r<r 0 , so that the usual boundary condition ^'(0) = 0 
will have to be replaoed by a suitable condition at r = r 0 If we knew the solution 
for tho region r<r 0 this will be fairly straightforward, for all we will have to do 
will bo to join smoothly at r = r 0 the solution for the region r >r 0 with that for the 
region r<r 0 . Since even the equation for the interior of the nucleus is not known, 
we cannot follow this straight oourse, and so we will suppose that at the boundary 
r = r 0 the condition to be satisfied by the solution of (1) is 



The value of A will depend among other things on the energy of the particle 
Our object is to find an expression for the width of the nuolear level in terms of this 
boundary condition or its derivative with respect to energy The method we adopt 
to find the level-width is to oaloulate the cross-seotion at exact resonance and then 
vary the energy of the incident particle till the cross-section is reduced to one-half 
its value at resonanoe The interval through whioh the energy of the partiole has 
to be varied to reduce the oross-seotion to one-half its value at exaot resonanoe 
gives us the half-width for that particular process We will simplify matters further 
by considering the case of slow neutrons — moidently the most interesting oaae Now 
the solution of (1) will be a linear combination of the regular and the irregular 
solutions, viz. 

(3) ^ f )“(ls) 


Where the coefficients a and b depend upon the energy of the escaping partiole 
If we oonsider the case of the protons, equation (1) will involve the coulomb potential 
as well, and consequently the solution will be in terms of the confluent hypergeometric 


If 4r 0 <l. then w the vicinity of r =* r 0 (3) can be written as 


( 4 ) 
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from wiuch we get 

fi-fl A H+iMtrtf+t-lMtr*)- 1 

U* A a(if 0 )l+i+fi(Jkr 0 )-' 

or 

(5) b/a = (kr 0 y+Hl+l-A)j(l+A) 

If at very large distances we write the solution of (I) as 

(6) f(r)~|em 

we know that 8 ( is oonneoted with the coefficients a and b by the relation 

(7) tan Si = bja 

and that the contribution to the cross-section by partiolee having an orbital angular 
momentum l is 

o 1 » p(2l+l) sin* 8 ( 

This with the help of (7) becomes 

(8) o' -= 4 ff (2I+l)**/lfc*(«*+4«) 

Evidently o' will be a maximum, l e we will get the case of resonance if a = 0, l e tf 

(fl) A^-Aa^-l 

Starting with the energy of the partiole corresponding to resonanoe if we ohango the 
energy (of the particle) the coefficient of the regular solution in (3) namely a will 
begin to be different from zero till for a oertain value of the energy of the particle 
a equals b When this happens, the value of the cross-section as given by (8) reduces 
to one-half its value at exact resonanoe In other words 


(10) b m a 

u the condition for obtaining the half- width 

So long as the width of nuolear energy levels is small compared to the spacing 
between them we may write to a first approximation for the value of the boundary 
oondition A in the immediate neighbourhood of resonance 

( 11 ) A.A a +M d ^--l+JEil 

Substituting this in (5) we obtain 


(12) bfa - (tr 0 ) B+1 

The oondition (10) now enable* us to find the value of AE through whioh the 
relative energy of the partiole must vary for the oroes-seotion to become one-half 
its value at exact resonance i e the half- width 
We thus obtain 


(21+D-dig 

AEdAjdE 


( 18 ) 


P m dE 


(2H-l)(fer„)*+i 
{l + (kr<>)W)iAldE 
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Calculation of dA/dE , residual nucleus left in the ground state. 

To find the value of dA/dE m the immediate neighbourhood of reeonanoe let 
us oonsider the wave equation (2) for a slightly different v«jn$of the energy k‘, say, 
of the escaping particle and denote the wave function for tnfo case by ft l (r) Mul- 
tiplying the equation for ft by ft 1 and the equation for ft 1 by ft and subtracting 
we obtain 

--<*’-**'*" 

Integrating and then multiplying by r/ftft 1 we obtain 


(14) 


r f 1 dft‘ 1 dft‘~\ r . 

E~E'\_ft l dr p dr J “ ftft‘ 


Proceeding to the limit when k’-rk we obtain at r = r 0 


(16) 


±(r^dft\ 

dE\ft dr)r~ r 0 


~ 2 |ro«l|Wyr/foW} 


Takmg the factor m (16), which in general will be less than unity, to be 

r o (ftr 

umty as an approximation we are loft with 


(16) 


^ (2I+l)(*»oF ,+1 1* 

“ U+(*r 0 )*+' } 2*** 


Calculation of dA/dE , residual nucleus left in a number ok excited states 

In deduomg (16) we have not taken into account the possibility of the residual 
nucleus being left in a number of excited states Let us now take this poesibibty 
into account and see how the value of dA/dE is affected If x (xj, x 2 , x 8 ) stands 
for the co-ordinates of the escaping particle and y for all the parameters that may be 
necessary to describe the rost of the nucleus, the Schrodinger equation for the 
Bystem is 

(17) *<',*)]*<*•*> "O' 

where H y is the Hamiltonian for the rest of the nucleus and r = | x | Let us 
write 

(18) V(x, y) m ^ ~ft l (*) Y, (0, ft ft ( y ), 

where ft’ a are the solutions of the radial part of the wave equation for the escaping 
partiole in the two-body approximation, viz 

(1») jj^+^-Ffr, *)]*,' = 0 

The centrifugal potential term is absorbed in F(r, y) and the ft’e are the solutions 
of the wave equation for the residual nuoleus, viz 

( 20 ) (H y -Ei)ft- 0 . 
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If we now multiply (17) by the angle function and integrate over the entire 
angle space for the escaping partiole we get 

(21) lsesi +( *- i w- F(r> *>}«*<'.»> 

+ 2 la £+<*-*>- »> !«<'• »* - 01 

>±J 

where 

(22) w,(r, y) = W(r)h{y) ^ 

and the oentrifugal potential term has been absorbed in V(r, y) 

For a slightly different value of the energy of the esoaping particle, the nucleus 
being left in the same energy state, we would get 


(23) 


+ llfflS+W-M-rfc s - o 

'*) 


Multiplying (21) by w', and (23) by to, and subtracting we get after making 
use of (22) and (19) 

<“> 2 SIsRiHf -«£)+<*-*>*'} 

Writing E-W = E f -E' r = dfi, where E p stands for the particle energy, 
we get on integration with respeot to r 


Now proceeding to the limit when i« the primed and the unpnmed 

tatee beoome identioal, we obtain after a little simplification 

« -*• f 1 


Where there is only one 


state possible for the residual nucleus the suin ^doee 


not give m contribution and we are left with an expression which is the same 

(IS). 
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StnUfABY 

An expression for the neutron width of nuclear level* u obtained in term* of the kinetic 
energy and orbital angular momentum of the neutron The xqethod adopted ie to oaloulate 
the cross section at ezaot resonance and then vary the energy of-FhS psrtiole till the cross 
section is reduoed to one half its value at exact resonance This interval through which the 
energy of the particle has to be varied give* u* the half width of the level 


Reference 

Bohr N (1836) Notur* 137 344-348 



ON INTEGER ROOTS OP THE UNIT MATRIX, f 
By R P Bambah and S Chowla 
(Communicated by Sir 8 8 Bhatnagar, F R S ) 

(Bead January 17, 1947 ) 

§1 The study of Vaidyanathaswamy's paper (1928) has led us to oonjeoture 

that 

If p denotes a prime, all the integer matrices X p _i of order (p— 1), except 
E,-i itself, such that 

(X,-! 

where E p .\ is the unit matrix of order (p— 1), can be expresed as 
A" 1 #,- iA 

[le transform of lf-_i by A] where A is an integer matrix of order (p— 1) and 
determinant ±1, and 



(I) In this paper we prove this oonjeoture for p = 3 
§2 In this seotion we prove that 

the neoeesary and sufficient conditions for the integer matrix 

to be a cube root of Eg are 

(II) a+d~— 1 and ad— be = 1 
Consider the transformation 

A = ^j(x, y) = ax+by, cz+dy 

It oan be easily verified that 

A* = (a*+2ohc+6cd)«+6(o*+ad+d*+6c)y, 

c{a*+ad+d i +bc)x+(d*+2bcd+bca)y 

Therefore the neoeesary and sufficient conditions for X t to be a oube root of E t 
are (except when X* «• £«) 

a a +2abc+bcd = 1 (i) 

a*+ad+d*+6c = 0 (n) 

d a +2bcd+bca = 1 (in) 

f All letters in this paper denote integers. 

vol. xm— No. a. 
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It can be easily seen that 

(in) = (i)+(d-a)(n) 

Therefore we obtain the necessary and sufficient oonditMN^jg 

a»+(2a+d)&e = 1 (i) 

«*+ad+d a +(6c) - 0 ( 11 ) 

Eliminating be from these equations wo hare 

(a+d) a =— 1 or (a+d)=— 1 

as a necessary condition 
Also from (») we hare 

be = _( a *+ad+d*) « ad-(a+d)* 

= wd~\ 


Hence ad— be = 1, is another necessary condition 

That these two conditions are sufficient can be easily verified with the help of 
(i) and (n) 

§3 On account of (II) the proof of (I) reduoes to showing that 


where 1 a+d = — 1 and ad— be 
where 


1, car 
A- 

-[sa- 


be expressed a 
l M t A 




■[-I-i] 


This we shall prore m this seotion 

We shall consider only the case when b is negative The case when b is 
positive can be similarly treated by taking A of determinant —1 That b oannot 
be zero can be easily seen 

We can easily prove the following lemmas 


(1) If A 

A" 1 


■[-] 


and AD-BC^ 1, 


CD-AD-AB -D*-BD-B*1 
CP+AC+A* CD+BC+AB J 


(2) A 

Now 

ad— be — 1 , 

therefore 

—be = 1— od= 1— a(— o— 1) 

= a*+o+l. 

It is well known that all factors of a*+o+l are of the form 
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We choose A, B C and D such that 

-b = D*+BD+B* 
c = C*+AC+A* 


(it) 

(▼) 


AD-BC = l (vi) 

That A, B, C and D can be chosen to satisfy (vi) will be proved m §4 
Now we shall show that 


and 

As 

we have 


«= _G D-AD-AB 
d = CD+BC+AB 

a* +o+l = -4c = (B*+D*+BD)(A*+C*+AC) 


a*+a+[l-(B*+D*+BD)(A*+C*+AC)] =0 
The roots of this equation in a are 

-CD-AD-AB and CD+BC+AB, 
for 

(-CD-AD-AB)+(CD+BC+AB) = -(AD-BC) 


(Til) 

(Vlll) 


{(-G D-AD-AB)(CD+BC+AB)) 
-[\-(B*+U*+BD)(A*+C*+AC)} 

= -\+(AD-BC)* = 0 

We, therefore, have 

a = (-CD-AD-AB) or (CD+BC+AB) 

In oaso a has the second value, replace A C B and D by C A —D and 
— B respectively Obviously (iv) (v) and (vi) are unaffected while a has the value 
-CD-AD-AB 

So that in all cases we huve 

a = - CD-AD-AB 

and hence 

d=-\-a = -1 +CD+AD+AB 
= CD+BC+AB 

From (iv), (v), (vi), (vn) and (vm) it follows that we can choose ABC and D 
to satisfy 

K t rn A W.A 

where 

a = [cd] and AD - W = l 

§4 

Tbbombc 

(1) If n *+»+l=w 1 »t 2 

we can choose A, B, C and Z? suoh that 

(2) m, - A*+C*+AC, 
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(3) 

m§ « B t A m D&A’BD, 

and 


(4) 

AD—BC = ±1 


It is well known that all factors of n*+»+l are of the form k*+l i -\-kl 
Therefore we have only to prove that A, B,C and D oan be chosen to satisfy (4) 

L i mm a 1 — If mi is prime, the theorem is true 
lot mi = A*^-C^A"AC 

As n*-fn+l “ mjWs, 

n*+»+l (n*+»H-l)(A*+C®+AC) 

m« = = 

m x mi* 

Now 

(An-C)(Cn-A) = ACn*-n(A*+C*)+AC 

m {ACn*-n(A*+C*-A*-C*-AC)+AC} (mod Mj) 

■ ilOf^+s+l) (mod mi) 
m 0 (mod mi) 

mi being a prime, one at least of (An—C) and (On— A) is a multiple of mi 

In case it is only the latter, replace C by A and A by C so that in all oases 
we have 

mi = /J*+C*+AC 

and 


(5) An— CmO (mod mi) 

Now 

0 m n{An—C) (mod mi) 

■ An^—Cn (mod mi) 
a — Cn+Ain *— »*— n — 1) (mod mi) 
a —Cn—A—An (mod ?«i) 
m —Cn—A—C (mod mi) 

(because of (5)] 

Therefore 


m 4 «= 

where B and D are integers given by 


Now 


B~^~- and 


AD-BO = ACn+AC+A*-ACn+C* 
= m \ 


Therefore the lemma is true. 
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Lhmma 2— If 

n*+»+l =*> mjtrif 

and 

(l) w»i = mpt, p s being a prime number 
(n) m = a®+e*+oc 
(in) •= b*+d*+bd 

(iv) ad— be = I, 

then we can choose A, B,G and D such that 


and 


7«i = A*+C*+AC 
m* = B*+D*+BD 

AD—BC — ±1 


Pi, being a factor of »®+n+l, is equal to e 2 +/®4-e/ where e and/ are suitable 
integers 


As 


Pi>n s — bP+dt+btl 


_ P+V+ M (h»+d®+6d)(e®+/®+s/) 
"*“«*+/*+«/ p** 


^-d/y ( ^/-Hfe+d/ y ( ^c-rf/^6 /+<fe+rf/ j 

Now 

(be—df)[de—bf) = bde*+bdf*-efb*-efd* 

- tM(e®+/*— «*—/*— e/) — e/(/i*+d*)] (mod p t ) 
m -ef(b*+d*+bd) (mod p 2 ) 
a 0 (mod p t ) 


Pt being a prime, one at least of ( be—df ) and ( de—bf ) is a multiple ot p t In 
case it is not the former, replace e and / by — / and — e respectively so that in all 
eases we have 


and 


P 2 = e*+f*+ef 


be—df « 0 (mod p z ) 


0 m be—df (mod* p 2 ) 


m IPe—bdf (mod p % ) 


, e (b*-b*-<P-bd)-bdf (mod p t ) 


m —d(ed+be+bf) (mod p t ) 
m —d(ed+df+bf) (mod p») 


Therefore ed+df+bf is a multiple of pt for, if not, d must be a multiple of pt 
and henoe on account of (in) lemma 2, b and therefore ed+df+bf is a multiple ofp* 
Now we have 
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where B and D are integers given by 

D bf+df+dt 


where 


m 1 = mp a = (a«+c»+oc)(e a +/*+«/) 

= (ae— cf)*+(af+ce+cf)»+{ae—cf)(qf+ce+cf) 

= A*+C*+AC 

A=ae—cf and G = af+ce+c.f 
AD—BC = («-Cfl(y+‘y+*) - (^-c/)(a/+c/+ce) 

Pz 


= ad— be = 1, 

the lemma is true 

The main theorem of this section (with AD—BC — 1) can now be proved by 
combining the two lemmas and using the method of induction 

To prove that the theorem is true with AD—BC = — 1 also we have only to 
replace A and C by —A and —C respectively 


Reference 

Vaidyanathaswamy, K (1028) On integer roots of tho unit matrix Jour .Land, Math Soc ,3 



ON A TREATMENT OF IMPERFECT GAS AFTER FERMI’S MODEL 


By M Dutta 

(Communicated by Prof N R Son, D Sc , Ph D , V N I > 

( Received December 12, 1946 , read Apnl 4, 1947 ) 

Abstract 

In this paper, a statistical theory of imperfect gases has been developed by application 
of a pnnoiple analogous to Pauli's Exclusion Principle and method of Fermi The equation 
of state as given by Saha and Bose has been dcducod Further, Van der Waal'B oquation up to 
first approximation has been obtained by accounting for the bounder; offoct and cohesion by 
equivalent increase in total volume 


I Introduction 

The method of counting the total number of thermodynamio complexions of a 
set of particles m phase-space, and then, of introduction of entropy, after Planok, 
by application of Boltzmann’s prmoiplo is the simplest and finest of all the methods, 
used m the statistical theories of thermodynamics This method is not only success- 
ful in explaining the behaviour of the ideal gas completely but is also oqually success- 
ful in quantum statistics Few attempts havo, however, to our knowlodge, been so 
far made to extend this method to the theory of an imperfect gas, or to that of a 
liquid The present work represents an endeavour to apply this method to the 
theory of an imperfoot gas We have here obtained for an imperfoot gas a new 
equation of state from whioh tho equation of state of an ideal gas as well as that of 
Van der Waal’s gas follows by suitable approximation We start with the accepted 
view that the physical behaviour of an imperfect gas is attributable to two faotors, 
namely, the finite size of the molecules, and the forces of molocular cohesion We 
propose, accordingly, to develop our theory in two stages, m the first of which 
account ib taken of the finite size of the molecules, and in the seoond, of the cohesive 
forces 

In the present method, the only dynamical property of partiolo, whioh plays an 
important role in distribution, is its energy Now in the case of an imperfect gas, 
the total energy is separable mto kinetic energy (deponding on momenta only) and 
potential energy (depending on configurational co-ordinates only) (Fowler 1930.) 
As the distribution of the partioles is random with respeot to kinetic energy and 
potential energy separately (we mean thereby that the positional and the momenta 
co-ordinates ot the particles are unconnected), the positional and the momentum 
space can be considered separately with much convenience The product of the 
thermodynamio probabilities corresponding to the two spaoes will evidently give 
the total thermodynamio probability 

2 Effect of Finite Dimension ot Molecules 

We consider an assembly of N molecules, in an enclosure of volume V, each of 
whioh is supposed to possess a rigid volume b of exclusion There is no association 
or dissociation in the assembly 

Now, the total volume V is divided mto space-cells of volume b, the number of 
such oeDs is then V/b and is evidently a large number, b being small Then, the 
effect of volume of exolusion can be stated as, a cell of the physioal space cannot 

VOL. xm— No. 8, 



248 M DUTXA ON a TREATMENT OF IMPERFECT GAS AFTER FlBMl’a MODEL. 


contain more than one particle. The oell may be vacant or occupied by only one 
partiole. 

Then, the total number of ways in which N nukoules may be distributed 
amongst the (Vjb) oells is ' 

- i XM 

N\(V(b-N)\ 

Turning now to the consideration of the distribution of N molecules in momenta 
space, we remark that the volume of a oell in phase-space bemg A®, the volume of a 
cell m momenta spaoe is to be taken as A*/6, sinoe the volume of a oell in the 
physioal spaoe is, by hypothesis, b As the energy of a moleoule is given by 

t= L{ p * +p * +p fy 

so the number of cells A®/6 in the nuorocanomcal layer 

(« f , *,+dt) = p 2w (2m)* i, ^d* 

Now, if a, denotes number of molecules in the layer (« rl « r +d*) then the number 
of ways, in which molecules may be distributed, is 

N\ 

! a t ! a r \ 

where £a r = N, £a,^ r = E 

Then the thermodynamic probability is 

(^/&)1 *1 

(Vjb — N)l N\ Ztf 

To get the entropy, this expression is to be maximised, subjoot to above-mentioned 
restrictions 
This gives 

a r = 

where A, fj. are, as usual, undetermined constants 

and S = * [Vjb log Vfb-(Vjb-N) log ( V/b-N)- (-NX+pEl 


and 


1 

T 


(H)v 


kT 





-( p * +pj +p \ ) / 3wi *r 


dpidpt dp t 

A*/6 


A — log j (2 j, 
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And 




i «+rf+rf) < *e^t> 


- 

Then, hnalh , 


5 - k [flog|- (£-*) log (£-tf) +|^ + |A' log T-N log A 4 
N log j^(W)*j], 


- t [r l0|! r~ (r _ ' v ) k * (r - *) + i " l0 * ! '- 4 l « J,+ 

N log |p(2»rmt) i |J 


Then as usual (Saha and Bose Equation), 

„,/3¥'\ k'J\ (. Nb\ 

* = T \dv) t=~T 1 o «V-t) 

In the lxmitiiig case, ^ -*■<), the equations give expressions for ideal gas a 

TS 3 , j V(2*mk)ill kNT 

8 = kN [ 2+2 log 7'4-log — jgr- ( P = — 

Up to 1st approximation, these give, 

TS 3, , V-i lib , , J (2irwA)l I ”1 

s=M\2+2^g7+io g —f- + JJ* 


kNT (.A Nb\ 
P-—[ l+ 2 V) 


These are the expressions for entropy and pressure of a Van der Waals 
ooheeive foroe is ignored, and only, the correction for the finite size of the moleouloe 
is made 

3. COBBSOTION FOB COHBSXVS FOKCBS 

The cohesive forces are assumed here to be ofVander Wards' type,.e , they 
are ahort-ranged isotropio forces of attraction The effect of the oohraiveforoee 
may theref^be described as amounting to the production of a molecular density 



260 M DDTTA ON A TREATMENT Of IMPERFECT GAS AFTER FERMl’ 8 MODEL 


in the interior of the enclosure slightly greater than that in the thin aurfaoe layer 
(parallel to the walls of enclosure) Were the cohesive foroee removed, and replaoed 
by a uniform field suoh that the potential energy of every particle is the same as that 
in the surface layer, then the volume requirement oirnfe N moleouleB under the 
same pressure and at the same temperature will be slightly greater than V Writing 
a for the small additional volume, we may say that an actual volume V with the foroee 
of cohesion becomes equivalent, under the same conditions of temperature and 
pressure, to a volume ( V+a ) without forces of cohesion Full account of the foroes 
of cohesion may, on this view be taken, if the actual volume V is replaced by (V+a) 
in the above thermodynamio expressions So, the thermodynamic expressions can 
be written as 

it i ogjjiiwn'j+l,], 

- - ‘-i- * [¥*¥ - (¥ -") *(¥-•)+ 

log T-N log N+N log 

and 


4 Approximate Evaluation of a and p 

Let n„ n, be number densities, and, u> t , to, be potential energies of particles 
in the interior of the enclosure and in the surface layer respectively, where n, < n t 
Let V, be volume of the surface layer 
Then, 

(F+a)»,= (V-V,)» ( +V,n, 

Therefore 

(F-F,)(» 4 — n,) 


Assuming density law for gas, we have 


and so 
Therefore 


tP| < w, 


where 

Therefore 

4* 


w = w ,— w { > 0 

O «= ( V - V,) , (approximately) 
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Now, m the assembly of Van der Waals ' gas, 
V.^At, 


where A is the area, and t the thickness ol layer less than the radius of the sphere 
of influence of Van der Waals’ force which is generally very small Therefore 


Up to 1st approximation, 


Now, it is easy to see that 


F,<F 

_ Vw 
kT 


N 

w ~y 1 ' 


where c only depends upon mans of molecule and nature of the force 
Up to this approximation, 


Then 


flU) =0 

W/r 

kT . (. m\ 

p=- T log 

~ V L + v fJ* 


correct up to 1st approximation 


or 


where 


NkT 

V-/3’ 


« = NkTa = N*c, 


where c and hence a is independent of volume and temperature This is the Van der 
Waals’ equation. 

The following point may be noted in connection with tho above prooess The 
difference of energies of the assembly of N molecules enclosed in a volume F under 
cohesive force and of the assembly of the same particles in a volume ( F+a) under 
no cohesive force and under uniform field is 


-Nw 

On the other hand, the change of energy due to change of volume under constant 
pressure is 

f K+ ‘ JT7 NkT Vw „ 

pdV^pa = ~Y~ = 

J y 

Thus, in the change as pictured here the total energy remains unchanged. The 
original and the altered assemblies have both the same N and E values 

5 Conclusion 

This present paper lS different from the previous discussions on this topio 
mainly on two points, ( 1 ) division of the physical spaoe of particles into cells of volume 



equal to the volume of exclusion, (u) consideration of the effect of cohesion as a 
correction m volume only 

So far as the first idea is oonoemed, it is only a new way of looking at the effect 
of rigid volume of exclusion This idea makes the treatments volume of exclusion 
so easy that it is likely it will prove very suitable in simplifying the theories of 
unperfeot Gases and Liquids 

So far as the seoond idea is ooncerned, it may be added that, the increase of 
volume due to boundary effect oan also be easily and clearly visualised according to 
modem picture of boundary effect Aooordmg to Millikan (19123) in the light of various 
experiments done by them, during the collisions with the boundary, the particles 
are adsorbed by the surface, and, then, re-emitted with random velocities This in 
a way may be looked upon as increasing the effective volume of the assembly of the 
particles pictured in this paper As the number of molecules adsorbed ib proportional 
to number density, so, the constant a is proportional to N But, as the idea is not 
yet fully developed in this line, a correct expression of the boundary effect oannot 
be obtamed at this stage 

The writer takes this opportunity to express his gratitude and thanks to Dr S C 
Kar, Prof N R Sen and Prof S N Bose for helpful dismissions and keen interest 
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Introduction. 


The group Mallopb&ga has been much nogleeted by workers in India There 
are in India about twenty-five hundred species and subspecies of birds Of these, 
up to the present, only about one hundred bird hosts havo been examined and a 
few species of Mallophaga recorded from them 

The first Mallophagan to be described from India w as Esthwpterum (= Pedxculus) 
tantali (Fab ), from the Painted Stork (Ibis l leucocephalus. Pennant), (171)8, Ent 
Syst. Suppl , p 571). Thereafter, Lipeurus himalayensis Rudow, from the Western 
Honied Pheasant (Tragopan melanocephalus, Gray), (1870, Zett f g Nat , 36, p. 123) 
and Menopon acutomdvatum Piaget from the Indian Largo Pied Hombill (Hydrocissa 
malabarica malabanca, Gmel ), (1881, Tijd. v Ent , 24, p 5, pi 1, fig 4) were 
described, probably from the material collected from the Indian birds 

There is no frirther mention of the Indian Mallophaga for more than thirty 
years, when Kellogg and Paine (1914) published ‘Mallophaga from birds (mostly 
of Corvidae and Phasiamdae) of India and neighbouring countnes’, which con- 
tained the description of about nine new spocies and forty records of old species found 
within the Indian limits A year later Kellogg and Nakayama (1915) published 
‘Additional Mallophaga from the Indian Museum (Calcutta)’, from 32 bird hosts 
Waters ton (1928) published a very valuable paper on the Mallophaga of the 
Sand-grouse and described six species of Syrrhaptoecus collected from skins of the 
Indian Sand-grouse (PterooMidae) in the British Museum Recently, Qadri (1935) 
started work on this group and has so far described eleven species Clay and 
Meinertrhagen (1935-1943) have added 27 species to the Indian fauna, and Sen (1942) 
has added 2 more species to the list 

During an investigation of the food-habits of birds undertaken at the Punjab 
Agricultural College and Research Institute, Lyallpur, a collection of the Mallo- 
phaga Was made at the suggestion of Prof. M Afeal Husain. The lice were collected 
from about one hundred species of birds be lon g i ng to 83 genera, 38 familie s and 
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10 different orders. Of these, the Mallophaga from only 22 species of birds had been 
previously recorded from India. Those of the remaining 78 hosts are recorded here 
for the first time Collection was made from the freshly killed Jtipd*.and bird skins 
by Mr H R Bhalla and myself The birds were identified by theBombay Natural 
History Sooiety and the Indian Museum, Caloutta. The help reoeived is gratefully 
acknowledged I acknowledge with gratitude the share of Mr. Bhalla in the 
extensive collection, so laboriously made and exoellently preserved 

Specimens soaked in 6% oaustio potash for about 24 hours and ultimately 
mounted in Canada balsam were used for all the measurements recorded here The 
specimens were not artificially pressed but were mounted under light. No 6A 
^'-circular miorosoope oover-glasses Apart from the errors inherent in the method 
owing to distortion or fixation, measurement made of some species mounted in 
glycerine showed that an accuracy of well within ±4% was usually attained All 
linear measurements were taken along the medium line, while the breadth recorded 
is the maximum for each body part Measurements were made under a miorosoope, 
by means of an eyepiece micrometer The drawings wore made by the author with 
the aid of camera luoida The types have been deposited m the collection of the 
Entomological Laboratory of the Punjab Agnotutnfhl College and Research 
Institute, Lyallpur 

Acknowledgments 

The present work would not have been possible but for the guidance and valuable 
help of Prof M Afzal Husain (formerly Entomologist to the Punjab Government 
and Vice-Chancellor, Punjab University) I am greatly indebted to him for his 
unfailing intercet in this work and for the advioe which he gave me, throughout 
these studies My thanks are also due to Dr Khan A Rahman (Entomologist, 
Punjab Agricultural College and Research Institute, Lyallpur) for placing the 
entire collection of Mallophaga at the Institute at my disposal and for his constant 
help in several other ways 

My respeetful gratitude is due to Dr Hem Singh Pruthi, O B E , Imperial 
Entomologist, for facilities for work m his laboratory and for his keen interest in 
the progress of this work My sincere thanks are also due to Dr M L Roonwal 
and Mr M S Mani for going through the manuscript, giving me the benefit of their 
valuable criticism and for help in its preparation for the press 

The grant-m-aid to carry out this work at the Imperial Agricultural Reeearoh 
Institute, New Delhi, sanctioned by the Punjab University, is gratefully aoknow 
lodged. 

Systematic Account 
I8CHNOCERA 

1896 Ischnooera, Kellogg, Proc Galt f Acad Set , VI(2), p 63 

Harrison (1016) divided the bird- infesting Ischnooera into six sub-families, 
but Ewing (1920) discarded this classification on the ground that a logical sub- 
grouping was doubtful In the presbnt paper, however, I propose, for the sake of 
convenience, to treat the Ischnooera under five main groups, viz., Estluoptendae, 
Philoptendae, Degeerielkdae, Lipeuridae and Goinodidae The table given below 
will be found useful in recognising the genera dealt with in this paper. 

I KEY TO GENERA 

1 Forehead usually rectangular or almost trapezoidal in shape; clypeo lateral margin slightly 
oonoave, or straight, never oonvex; trabeculae often present and usually pronounced; 
temporal lobes rounded ... ... . . 2 

Forehead not rectangular or trapezoidal in shape, olypeo-lateral margin convex, trabeculae 
almost absent or only as very small protuberances 2A 
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2 Ptoro-thnrax rectangular, sides almost tub-parallel, posterior margin almost straight t 
E8THIOPTERIDAE . 3 

Ptero -thorax (fuwd meeo and meta-thorax) broader than long, tide# (trongly divergent 
and with posterior margin angulate or outwardly rounded . 8 

8 Oly^eal tignature (pigmented blotch) bearing numerous cresoentio papillae on^tbe ugper 

Olypeal signature without such character \ 

4 Olypeal signature large, bearing a longitudinal s) it , gular plate large , IX abdominal segment 
in female bifid, partly flanked on each aide by pointed prolongation of segment VIII 
. JTulux>jfula Claj * Mem 
Without suoh characters 8 

8 Forehead with 4-6 circular mcrassations on the lateral margins Falooltpeuruo Bedford 
Forehead without circular mcrassations on the lateral margins 6 

6 Olypeal suture deeply emarginate, the cavity so formod margined with hyaline produced 

preantennai region and furnished with a strong spine and 3 4 fine hairs Anatusola Clay 
Olypeal suture without such characters 7 

7 Forehead narrow, sides sub-parallel, trabeculae almost absent, I antennal segment longest, 

eyes flatly rounded Cdumbunla Ewing 

Forehead wider, sides strongly diverging, preantennai area broad, trabeculae conspicuous, 
small lobes, II antennal segment longest , eyee protruding Turtuncola Clay A Mein 

8 Stouter species with large head and comparatively short, broad abdomen 

PHILOPTERIDAK 9 

Slender epeoios DEGEERIELLIDAE 19 

9 Trabeculae short, ventral, female abdomen with three irregularly shaped dark chitimsed 

plates in the centre of segment YU, dorsal and ventral abdominal hairs lanceolate 

Aegypoeeua Clay & Mem 

Trabeculae large, movable; abdomen without such characters 19 

10 Forehead with hyaline flaps 11 

Forehead without hyaline flaps 17 

11 Preantennai region very narrow, olypeal front deeply notched or forcipated and flanked 

with hyaline flap 12 

Preantennai region truncate, short, olypeal region with hyaline margin 14 

12 Abdomen bearing many short stout spines on ventral aspect of segment I and II and some- 

times on HI and IV also . Bchinvphxloptenjs Ewing 

Abdomen not bearing spmes on the abdominal sternum 13 

13 Tergal plates I-V1II entire, pleuntes with straight narrow re-entrant heads, I abdominal 

segment rectangular Picophdoptenu gen nov 

Tergal plate VIII entire; pleuntee with curved re entrant heads 

Alctdoffula Clay & Mem 

14 HyalinbantenorportionofheadonginateseachsideofthelevelofclypealButure 16' 

Olypeal region expanded with hyaline free margin, evonly rounded throughout 16 

16 Clypeal margin broadly emarginate in front, and notch flanked with hyalino flaps which 
touch each othor at tips Incvdyfrona Ewing 

Clypeal margin concave, flanked with hyaline flap Falcoecut Clay & Mem 

16 Clypeal suture passing inwards and forming median suture, anterior hyaline margin pro- 
jecting beyond tho contour of the preantennai margin Alcedoecus Clay A Mem 

Clypeal region expanded with hyalino margin throughout, hyaline flap not projecting 
beyond the contour of the preantennai margin, two Bmall peg like doraal spines, one on 
each side of the posterior apex of the signaturel plate Anatomu Cummings 

17, Male genitalia with parameres curved and protruding beyond the mesosome, the latter 

consisting of flattened plate with central penis Pentnxrmut Clay & Mem 

Male genitalia with very small parameres which do not protrude beyond the mesosome, 
the mesosome a flattened plate with oentral perns, which is usually projecting 

PhxlopUrut Nitxsch. 

18 Head ciroumfaeoiate, parabolio to subogival 19 

Head quadrangulate or mterrupto-faeciate 26 

19. Antennae showing sexual dimorphism Pnttaco mmtus Harrison 

Antennae similar in the two sexes 20 

20. Forehead with clypeal signature 21 

Clypeal signature absent . 28 

Si. Clypeal suture present; hyaline margin arising anterior to clypeal suture, median vertical 
preantennai suture present . Quadraaep* Clay A Mem. 

Hyaline margin arising at olypeal suture, without median vertioal suture 22 

22, With transverse preantennai suture; hyaline margin narrow Lunactpt Clay A Mein 
With vertioal preantennai suture, hyaline margin broad Oardui oeps Clay A Mem. 

18. Tergal plates interrupted in the middle . 24 

Tergal plates not interrupted in the m idd l e ..... 26 
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24 

26 


27 


28 


29 


30 

31 


Forehead completely rounded, curved traneveree future aoroaf preantennal region preeent 

Ouaultoola Olay A Mem 

Forehead parabolic or subogive) , transverse suture absent Syrrhapioecvi Waterston 

Forehead parabolic, pleural plates with straight wedge-shaped mtdfaMmt heads, highly 
pigmented, reaching as far aa 2/3rds of the preceding segment, tails not highly pigmented 

UpupvxAa Clay A Mem 

Forehead completely or flatly rounded, pleural plates bent towards the median lme, with 
blunt intermittent heads uniformly pigmented throughout Kelenntrmut Eichler 

Head quadrangular 27 

Head interrupto fasciate Panyuntrmua gen nov 

Male genitalia highly pigmented with broud endomeral plate, with strongly built pointed 
and incurved parameres Bruelta Keler ( — DtgeeneUa Nitrach) 

Male genitalia feebly solerotio with poorly developed endomeral plate and almost straight 
parameres TraxhoneUa gen nov 

Head longer than broad with projecting forehead and rounded temples 

LTPEURIDAE 29 


Head usually as broad as or even broader than long forehead equal to at least one third 
of the post antennal region of head GONIODIDAE 30 

Male gemtalia characteristic with broad basal plate parameres short inwardly ourved 
endomeral plate longer than parameres Qudotogauter Carriker ( — OaUtpetmu Clay) 
Basal plate long narrow parameres long, usually narrowly pointed endomeral plate short 
not extending beyond the middlo of parameres lapeurue Nitzsoh 

Third segment of male and sometimes firat also with an appendage Qontode* Nitzeoh 

Third segment of male never appendieulate SI 

Two large recurved frontal processes on each side of head present male genital armature 
mrmoid type highly built Paragoniocotet Cummings 

Without frontal processes, male genital armature simple, rod like and narrow 

Oontocota Burmeieter 


H E STH 1 0 PTE RID AE 
1 Ardeicola gaibagla, 1 sp nov 

Female (Text fig la) elongate, c reamy white with yellowish brown pleural 
plates 

Head long and narrow, triangular forehead trapezoidal, rounded in front, 
clypcal suture distinct, entire dorsally and confined marginally on the ventrum, 
olypeal signature bearing about fifty seven cresoentio papillae or ndgos (Text fig 16) , 
ohaetotaxy soarce, disposed as in figure Trabeculae short, oomcal and immovable 
Temples rounded with narrow, indistinct, yellowish marginal band and a short 
seta disposed as shown in figure Occipital margin sinuous with a small seta, gular 
plate weak Antennae 5 jointed, filiform, bearing cluster of fine setae at the tip 
Eyes protruding, rounded, ocular blotch distinct, small Pharyngeal glands and 
solente well developed 

Prothorax small, lateral margins straight with a small seta m posterior lateral 
angle Moao and meta thorax fused into a pterothorax, slightly wider than pro 
thorax and bearing 4 pustulated hairs on tne posterior margin Sternal plates 
indistinct, interooxal plates not well developed Legs as shown m figure, ooncolorous 
with the body 

Abdomen elongated, broadest in the V segment, gradually tapering towards the 
posterior end Segments I VII well marked, segments VIII IX fused, last segment 
bilobed posteriorly Pleural plates I- VII distinct, narrow Tergal plates yellowish, 
mdistmot Ohaetotaxy soarce as shown in figure Sternal plates indistinct 

Male similar to female but smaller Antennae 5 segmented, I joint enlarged 
and Ilf joint has a small lateral protuberance Male genitalia characteristic basal 
plate long, evenly and feebly ohitimsed, almost double the size of parameres and 
meeoeome, slightly narrowing towards the an tenor, parameres long, well developed 
but not well ohitunsed, furnished with a sensory seta, endomeral plate of ample 
structure , pans short, rod shaped reaching as far as the middle of parameres 


1 Qaibegla’m vernacular mean* the Indian Cattle Egret 
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Measurements (mm.). 



Female (Holotype) 

s!tarw 1 

Body 

2 84x048 

2 51 262x040 

Head 

0 85 xO 34 

0 61 0 62x0 32 0 84 

Prothorax 

0 18x0 28 

0 16 0 17 x 0 24 0 28 

Pterothorax 

0 28X0 34 

0 30X0 26 0 30 

Abdomen 

1 73X0 48 

1 45-1 53x0 40 


Holotype (female) and Allotype (male) both from Lyallpur, 29-iii-1930, from the 
Indian Cattle Egret (Bubulcus t but coromandm, Bodd ), mounted together on slide 
No MI 139 Paratypes 2 males mounted together on slide No MI 139 P (same 
data as above) 

This louse olosely resembles Ardetcola ardea (Linn ) from the Heron (Ardea c, 
ctnerea Linn ) and ArdexcolaTepiscopi (Qadri) from the Indian White-necked Stork 
( Dissoura e eptscopa Bodd ) It differs from the allied formB in size, ohaetotaxy 
and tergal plates 

2. Fullcoffula lurldutn (Nitzsch) 

1818 Ltpeurus lurtdus, Nitzsoh, Oerm Mag , III, p 262 

This species has been recorded on the Coot ( Fvltca a atm Linn ), from England 
(Denny, 1842), and Germany (Nitzsch, 1818, Mjoberg, 1910), on Fvltca amcncana, 
from thej United States^of America (Osborn, 1896), on OaUtnula chloropus, from 
England (Denny, 1842). 

One male and one female were obtamed from the Coot {Fvlica a atm Linn ), 
shot in Lyallpur, lfl-u-1928 

Measurements (mm ) 



Female 

Male 

Body 

2 66 x 0 43 

1 87x0 32 

Head 

0 57x0 31 

0 57x0 81 

Thorax 

0 47 x 0 82 

0 44x0 27 

Abdomen 

1 62x0 43 

0 86x0 32 


Denny (1842) gave the length of female as 2 54 mm , while Piaget (1880) and 
Tasohenberg (1882) gave it as 3 04 mm and 3 2 mm respectively 


3. Falcolipeurus quadrlpustulatus (Nitzsch) 

1818 Ltpmrus quadnpuetutatus, Nitzsch, Oerm Mag , III, p 268 

This species has been recorded from different vultures from Europe, Africa, 
Asia and the USA. Most of the hosts recorded from outside India are also present 
within India, viz , the Cinereous Vulture (Aegyptus monachus, Linn ), the European 
Griffon (Gyps fulvtts ftUvus, Hab ), the Bearded Vulture (GypaUos barbatus, Linn ) 
the Golden Eagle (AguUa chrysaetoa daphanca, Hodge ), the White- tailed Sea-Eagle 
(Haliaitus albtctllus, Linn.), and the Upland Buzzard {Buteo hemtlastus Temm.). 


1 Figure* w parenthem* indicate the number of individual* measured in each owe. 
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Hy specimens are from the Cinereous Vulture (Aegyptus monaehua, Linn ), 
26-m 1928, and the Himalayan Griffon (Gyps htmalayensts Hume), 9 1-1930, both 
shot in Lyallpur 

Measurements (mm ) 



Female (3) j 

Male (2) 

Body 

3 460-4 069 x 0 663-0 774 

3 886-3 985 x 0 60-0 670 

Hoad 

0 732-0 873 X 0 493-0 663 

0 817x0 493-0 503 

Thorax 

0 663-0 691 x0 663-0 714 

0 634-0 691x0 590-0 014 

Abdomen * 

2 165-2 605 X 0 683-0 774 

2 635-2 677 x 0 600-0 678 


Piaget (1880) and Mjoberg (1910) gave the measurements of female as 3 26 mm 
X0 7 mm and 4 3376 mm x0 76 mm , while of malo as 3 0 mm x0 6 mm and 
3 637 mm X 0 012 mm respectively 

4 Anaticola crasslcorne (Soopoh) 

1763 Pedteuliu crasstcome Scopoli EiU cam p 383 

This long known species is very widely distributed on various species of duokB 
On account of slight venations, parasites from different hosts have been given 
vanetal status, resulting m a long synonymy The specimens referred to this 
speoies were obtained from the Ruddy Sheldrake (Casarca f femigmea, Vroeg) 
shot in Lyallpur, 21 u 1933, and Kulu, 21 x 1939 the Common Teal (Nettion c 
crecca, Linn ) shot in Lyallpur, 20 n 1933, and Kulu 21 x 1939 and the Dun Bird 
( Nyroca f Jenna Linn ) shot m Lyallpur 14 xi 1932 One female was also obtained 
from the Himalayan Whistling Thrush ( Myophonus coeruleus lemminckti Vigors) 
shot in Kulu, 18 lx 1928 This is undoubtedly straggler 


Measurements (mm ) 



Female (3) 

Male (1) 

Body 

! 2 82-3 29 x 0 36-0 67 

2 56x0 44 

Head 

0 56-0 61x0 34-0 43 

0 66x0 42 

Thorax 

0 42-0 59 x 0 36-0 44 

0 56x0 38 

Abdomen 

1 1 84-2 09 x 0 86-0 67 

1 46X0 44 


Piaget (1880) and Kellogg (1896) gave the measurements of female as 2 85 mm 
x0 5 mm and 3 3 mm x0 62 mm respectively, while Piaget’s (1880) male was 
2 5 mm xO 39 mm 

6 Columblcola columbae (Linn ). 

1768 Pediculus columbae, Linnaeus, Syst Nat p 164 

This u one of the commonest speoies all over the world There is a 
certain amount of variation coincident with geographical areas and hosts, but they 
are almost entirely those of size, which make it difficult to define the various sub- 

B P*°Numerous specimens wire obtained from the Bengal Green Pigeon (Cro copiis 
p. phoenveopterus, Lath ) shot in Ambala, the Ipdian Blue Rook Pigeon (Colwnba 
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hvut intermedia Stnok ) shot in Lyallpur, 27-vui-1928, the Indian Spotted Dore 
(Streptopelia chtnensis suratensis, Gmel ), 8-m-1928, the Little Indian Brown Dove 
(Streptopelia senegalensis cambayensis, Gmel), 21-vui-1929, the Indian Ring Dot® 
(Streptopelia d decaocta, Fnval ), 27-ni-1928 , and the Red Turtle Dove (OenopopeUa 
t tranquebanca, Henn ), 6-JV-1932, all shot in Lyallpur 


Measurements (mm ) 



Female (3) 

Male (5) 

Body 

2 239-2 453 x 0 29-0 40 

1 786-2 012 X0 200-0 266 

Head 

0 653-0 560 X 0 20-0 38 

0 480-0 546 x 0 116-0 213 

Thorax 

0 373-0 400 x 0 20-0 29 

0 306-0 400x0 186-0 213 

Abdomen 

1 333-1 493x0 29-0 40 

1 000-1 066 X 0 200-0 266 


Piaget (1880) and Taschenberg (1882) gave the size of female as 2 1 mm xO 37 
mm and 2 44 mm X 0 39 mm , while of male as 1 8-1 9 mm x 0 3 mm and 2 28 mm. 
XO 36 mm respectively Kellogg’s (1896) female was 2 5 mm XO 37 mm 


6 Turturlcola ealimalil Clay & Mem 

1937 Turtuncola aalimalu, Clay ft Momertzhagen, Entomoloyul, LXX, p 278, f 1 

Clay and Meinertzhagen (1937) found it on Streptopelia d decaocta, Fnval and 
Oenopopelia t tranquebanca, Hern , both from Rajputana The present specimens 
were obtained from the Indian Blue Rook Pigeon (Columba lima intermedia Stnok ), 
27-vui-1928, the Indian Ring Dove (Streptopelia d decaocta, Fnval ), 27 -in- 1928, 
the Indian Spotted Dove (Streptopelia chinensis suratensis, Gmel ), 8-ni-1928, and 
the Little Indian Brown Dove ( Streptopelia senegalensis cambayensis, Gmel! ), 21-vui- 
1928. 

I also found it on the Bengal Jungle Babbler (Turdoides t temcolor 1 Hodgs), 
16-ni-1932, the Burmese White browed Fantail Fly-catcher (Leucocirca aureola 
burmanxca Hume), 21 ii-1928, the Common Indian Myna (Acndotheres t tnstis, 
Linn ), 10-xn-193I , the Common Indian House Sparrow (Passer domesticus tndtcus 
Jard & Selby ) and the Rose-nnged Paroquet (PsUtacula kramert maniUensis, Beohst ), 
7-U1-1931 All the hosts were shot in Lyallpur It is difficult to explain the presence 
of this louse on such widely separated hosts Some are possibly stragglers and 
might have reached the hosts while they were feeding in close association, breeding 
m closer proximity, huddling together on perches , or they might have used deserted 
nests of pigeonB and doves 

Measurements (mm ) 



Female (7) 

Male (6) 

Body 

2 180-2 370 x 0 306-0 426 

1 786-1 893 x 0 226-0 806 

Head 

0 520-0 546 x 0 299-0 333 

0 466-0 493 x 0 286-0 293 

Thorax , . 

0 333-0 450 X 0 240-0 305 j 

0 360-0 400 x 0 213-0 253 

Abdomen . . 

1 266-1-440 x 0 306-0 426 

0 946-1000x0 226-0-806 


1 It has been pointed out that the Punjab form appears to be Txurioxdtt terricotor tmdianut 
Ticehurst. 
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HI PHILOPTERIDAE 
7 Aegypoecus brevlcollls (Nitzsoh). 

1838 Docophorus bremcollis, Nitzsch, m Burmngter, Handbuch der Enl , II, p 424 
This specie* was first described from the Cinereous Vulture (Aegypxvs monachus, 
Linn ) and has since been recorded on the type host from many parts of the world 
The speolmens referred to here were obtained from the typo host shot in Lyallpur, 
26-ui-1928 

Measurements (mm) 



Female (1) 

Male (1) 

Body 

2 108 x t 266 

1 869x1 130 

Head 

0 666 x 0 033 

0 666x0 880 

Thorax 

0 460x0 733 

0 300X0 666 

Abdomen 

1 066 X 1 266 

0 933 X 1 130 


Piaget (1880) gave its length as 1/2"' 

8 Aegypoecus grlffoneae, sp nov 

Female (Text-fig 2a) golden yellow with brown markings on head, thorax and 
abdomen, abdomen almost circular 

Head slightly wider than long, triangular, olypeal front unooloured, very 
slightly dilated, narrow, straight to slightly concave, two short hairs at the anterior 
angle, two haws near tho distinct olypeal suture, two dorsal hairs just beforo the clear 
unooloured olypeal region, olypeal band deep yellow, olypeal signature indistinct, 
reaohing as far as the mandibles, internal band conspicuous, antennal band dark 
brown, distinct, running along the margin, posteriorly straight, fusmg with oocipital 
band, a black blotch at the base of trabeculae, trabeculae ventral, short and not 
projecting beyond the oontour of head , antennae short and slender , temporal margins 
projecting outwardly, posterior angle rounded with two short hairs, temporal band 
narrow, slightly conspicuous at the base of eye, eyes protruding, each with a short 
sub-basal hair, occipital margin almost straight furnished with two central hairs, 
ocoipital band mdistmot, occipital signature shield-shaped and yellowish brown 
Prothorax narrow, with acutely rounded lateral angles, each bearing a short 
hair, posterior margin slightly convex, bare, margmal band mdistmot, brown inter- 
coxal plates showing through Moso- and meta-thorax completely fused into a 
pterotnorax, slightly projecting laterally, acutely rounded lateral angles, each 
bearing three hairs, posterior margin markedly convex with three median and three 
submarginal lanoeolate hairs on each half, margmal bands mdistmot, with a blaok, 
distinct, anterior blotch at the inter thoraoio suture, intorcoxal and penooxal plates 
highly ohitimsed and showing through Legs with claws unequal in size and bearing 
a number of pedunculate spines at the distal end of tibia, dark rings at the distal 
end of femoral and tibial segments distinct 

Abdomen almost circular or broadly elliptical, wath dark brown transverse 
marginal inters egme ntal lines, tergal plates not distinctly marked, posterior margin 
of segments I-VIII oonoave in the middle and convex submargmaJly, segment IX 
unooloured, narrow and exnargmate , segments I- VII with numerous dorsal median 
rows of lanoeolate hairs; segments II-VIl with 1-3 lateral hairs Ventrum with 
similar lanceolate hairs on I-V segments, and segments III- VI with lateral 5-6 
lanoeolate halts. Anal orifice distinct, segment VII with three brown plates, one 
oeptral, trapezoidal, two lateral, one on each side, bean-shaped, genital plate distinct 
with few marginal hairs. 
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Male (Text- fig 26) similar to female, Hie tergal plates very well marked, con- 
fined to the submarginal region Last segment rounded and thickened Genital 



Text no 2 Aegypoecu* gnffontae, sp nov 

a Dorsal and ventral aspects of female, 6 Dorsal and ventral aspects of abdomen of male, 
c Lanceolate hairs clothing body , d Male genital armature 


armature (Text fig 2d) weB developed, general characters as for the genus but the 
parameres are strongly developed, twisted inwards from the middle and shear 
shaped 

Hcdoiype (female) on slide No MI 043 H, AUotype (male) on slide No MI 043A, 
obtained from Himalayan Griffon Vulture (Gyps htmalayensts Hume), both shot in 
Lyallpur, 9 1 1930 Paratypee 3 females and one male on slide No MI 043 P (same 
data as above) 

This species is similar to Aegypoecus (■» Hellvo) neophron (Clay and Mein ), but 
differs in the narrow, unookmred mmto-clypeaua and indistinct, weakly pigmented 
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Meaeurtnunie (mm ) 



Fem&lo 

(Holotype) 

Female (8) 

Male (2) 

Body 

Head 

Pro thorax 

Pterothorax 

Abdomen 

*088x1-000 

0 791X1-010 

0 120 x 0 806 

0 226X0 060 

0 961 x 1 000 

2-027-2 199x1 000-1 098 

0 718^0 863 xO 986-1 010 

0 120-0 169 x 0 506-0 501 

0 221-0 263x0 666-0 704 

1 0 887-1000x1000-1093 

1 782-1 946x0 760-1 113 

0 731-0 760 x 0 009-0 938 

0 138-0 169 x 0 480-0 621 

0 173-0 211x0 634-0 693 

0 774-0 828 x 0 760-1 113 


olypeal signature, prothorax with slightly angulate lateral margin and so is the 
pterothorax , male genitalia with very well-developed parameres which are twisted 
inwards in the middle and are flat and Bhear shaped 

9. Echinophllopterus tota, 1 sp nov 

Female (Text-fig 3) golden yellow with brown markings on head, thorax and 
abdomen; abdomen oval with angularly emarginate terminal segment 



Tbxt-ko 3 Echxnophxtoptemt tota, sp nov 
tarsal and ventral aspects of female 


1 1 Tota ’ in vernacular means the Indian Rose ringed Paroquet. 
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Head resembling Piaget’s (1880) interesting group forjicvJalt, triangular with 
narrow anteriorly tapering elypeus, clypeal front deeply notched and flanked with 
anteriorly produced lateral flaps which meet in the middle, .anterior angle with 
two ventrally situated hairs showing through the dorsum , olypeafUfind prominent , 
clypeal suture distinct, extending far beyond clypeal signature, deeply conoave; 
clypeal signature distinct, reaching as far as the mandibles, internal band conspi- 
cuous, antennal band dark brown, distinct, turned inwards and reaching as far as 
the sub-median region, trabeoulae large, long, projecting and blunt at the tips; 
antennae short, temporal margins project mg outward, rounded, with two ocular 
setae, and two long hairs and a seta at the posterior angle, temporal bands not 
conspicuous, pale yellow with slightly distinct oculaT blotch, eyes not protruding, 
occipital margin a little conoave marginally and oonvex medially, bare, ocoipital 
band distmot reaohing as far as the middle of the head and fused with the antennal 
band Occipital signature is triangular on a rectangular base 

Prothorax large, rectangular with acute latero-postenor angles, a small seta in 
the posterior angle , posterior margin straight, bare , marginal band distinct, con- 
tinuous in the head, mterooxal plates highly developed, reaching as far as the middle 
line, sternum well developed, oblong, bare Meso- and metathorax completely 
fused into pterothorax, pterothorax slightly projeotmg laterally, latero-postenor 
qnglo blunt bearmg two long hairs, posterior margin angulate on abdomen with 
6 hairs distnbuted as shown in figure, lateral bands distmot, sternum weak with 
two hairs, pencoxal plates well developed Legs normal with slightly developed 
marginal bands 

Abdomen ovate, with dark yellow latero-transverse plates and dark brown 
margmal bands on segments I-VII, segment VIII with entire blob h , segments 
I-VII with 4 5 hairs on eaoh side of the median line, oonfined in the middle, one hair 
on sublateral margin at the base of the lateral plates, and 1 -2 hairs in the lateral angles , 
segment VIII deeply emargmate posteriorly and with about ft hairs on each lobe 
Ventrum with short setae on segments I, II and III as shown in figure, hairs on 
posterior margin, genital plate well developed with a series of short hairs 


Measurements (mm ) 


Female 

(Holotype) 

(Paratype) 

Body 

1 882 x 0 720 

1 666x0 680 

Head 

0 760 x 0 613 

0 663x0 646 

Prothorax 

0 133 x 0 374 

0 106x0 333 

Pterothorax 

0 266x0-633 

0 240 X0 480 

Abdomen 

0 733X0 720 

0 666x0 980 


Holotype and Paratype 2 females from Lyallpur ex the Indian Rose-nnged 
Paroquet (Psxliacula kramen mamlknsis, Bechst ) mounted together on shde 
No MI 034, shot in Lyallpur, 17-iv-1931 

10 Echinophilopterus, sp. 

Several nymphs were collected from the Indian Large Paroquet (Psittacula 
eupatrxa nepalerms Hodgs ) shot in Lyallpur, 21-ii-1931 

11 Alcedofifula alcedinis (Denny). 

1842 Docophorus oieedwu, Denny, Anop. Bnl , p 111, pi 8, f 1. 

This species was first described from the European King-fisher ( Alcedo atthis 
tsptda) Only one immature specimen was obtained by me from the Egyptian White- 
breasted King-fisher (Halcyon a. tmymenaia, Linn.) shot in Lyallpur, 17-11-1928. 
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Picophilopterus, gen. nov. 

This genus is erected for the reoeption of a new speoies collected from the 
Himalayan Soaly-bellied Green Woodpecker (Picua a aquamotua Vigors) shot in 
Knlu, 16-ix-1928 and 6-X-1939 

Description of the genua — Elongate nirmoid Philopteridae with very moderately 
sclerotised body. Head large, clypeua narrow, separated from preantennal region 
by a distmot suture, clypeal front fornpated because of the lateral olypeal bands 
extending beyond the signature, area between flanked with hyaline flap which is 
entire, olypeal signature not distmotly chitmised, conoave anteriorly, bluntly 
pointed posteriorly, reaching as far as the anterior margin of labrum Trabeculae 
large, not extending beyond the I antennal segment Antennae filiform, showing 
no sexual dimorphism Oocipital signature small, triangular, pharyngeal solente 
mid glands well developed Prothorax small, far reaching m the occipital margin, 
pterothorax with projected sides, small, broadly convex posteriorly, sternum and 
precoxal plates present Legs short Abdomen ovate, with rectangular I segment, 
pleural plates II- VI straight, narrow, re entrant heads straight, tergal plates veil 
marked, entire on segments II-VHI Female with deeply emargmato IX segment, 
with slightly coloured blotc h , male with rounded IX segment, with distinct marginal 
band 

Genital plate in female conspicuous, notched and fringed with hairs Male 
genital armature with narrow basal plate Parameres are short, pointed, curved, 
endomeral plate broad with narrow ohitmised margins, in the centre of the endomeral 
plate, lies a compound structure with ourvod triangular ears near the tip and a hollow 
tube beyond • 

This genus can be separated from Alcedojfula by the distinctly different form 
of genital armature and from Echtnophilopterus by the absence of strong spines on 
ventral aspect of abdomen 

This genus is apparently confined to the Woodpeckers (Picidae) and should 
contain the species belonging to Piaget’s (1880) group angustifrontes and Philopterus 
evagans (Kellogg), P jungens (Kellogg) and P califomienets (Kellogg) 

Genotype — Picophilopterus tuktola sp nov (vide infra) ex the Himalayan Scaly* 
bellied Green W'oodpecker (Ficus a aquamotua Vigors) 

12 Picophilopterus tuktola, 1 sp nov. 

Female (Text-fig 4a) elongate, nirmoid body, narrow olypeal front, palo with 
dark marginal markings 

Head a httle longer than broad, triangular, with narrow, anteriorly tapering 
front, olypeus incised in front because of the lateral clypeal bands which extend 
beyond the signatural plate, an tenor angle vith two long hairs, one hair m front 
of suture , one dorsal, submargmal hair between'the suture and the front , one such 
hair on the tail of internal band, two hairs just in front of trabeculae, antennal 
bands distmot, broken at the olypeal suture , trabeculae large, acute, hardly reaching 
the I antennal segment, antennae normal, similar m the two sexes, eyes prominent, 
flatly rounded, with central seta, ocular blotch blackish, ocular band, distmot, 
temples broadly rounded with narrow marginal band, two long hairs and a pnokle , 
ocoipital margin sinuous, bare , oocipital band distinct but not highly pigmented , 
oocipital signature short, triangular, pharyngeal sclente and glands distmot 

Prothorax short, projecting considerably beneath head, posterior angle rounded 
with one hair, posterior margin flatly oonvex, true pterothorax, short, projecting 
laterally, l^tero-postenor angle with ohe short and two long hairs, posterior margin 
obtusely angulate on the abdomen with two sub-median hairs on each side, marginal 


‘Tuktola’ in vernacular mean* the Himalayan Soaly-bellied Woodpecker, 
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bands distinct sternum distinct intercoxal plates well developed Legs normal, 
concolorous with the body 
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Tkxt no 4 Pyoophxloptenu luktola sp nov 

a Dorsal and ventral aspects of female f> Dorsal and ventral aspects of tl orax and abdomen 
of male c Male gomtal armature 

Abdomen elongate oval wifli dark marginal bands on segments I -VIII, 
transverse bands entire on segments I VJH but on I II emarginate medially on 
anterior margin segments III- V HI with long hairs on slightly projecting posterior 
angles segments II- VII with one submargmal hair segments I VII with median 
row of hairs segment VIII with 3 hairs on the posterior margin segment IX deeply 
emargmate almost colourless and bearing no hairs Sternal plates oonfined m the 
middle chaetotaxy scarce genital plate on segment VIII as shown m figure 

Male. (Text fig 4b) similar to female last segment projecting tounded, with 
long hairs on posterior margin and a distinct band Genital armature (Text-fig 4c) 
distinct showing through segments VI-IX 

Hdotype (female) and Allotype (male) mounted together on slide No M3 080 
From Kulu ex the Himalayan Soaly bellied Woodpecker (Ptcus t squamaiua Vigors), 
15-ix 1928 Pandypee Numerous males and females from the type host shot in 
Kola, 15-ix 1928 and 6 x 1939 
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Measurement* (mm ) 


26 1 



(Holotype) 

Female (3) 

Male (2) 

Body 

Head 

Pro thorax 

Pterothorax 

Abdomen 

2 266x0 740 

0 666 x 0 533 

0 160x0 320 

0 240 X 0 573 

1 200X0 740 

2 173-2 266x0 560-0 746 

0 613-0 666x0 533-0 560 

0 146-0 160 X 0 280-0 320 

0 240-0 254 X 0- 633-0 573 

1 133-1 200 x 0 560-0 746 

1 719-1 839 x 0 600-0 610 

0 673-0 586 x 0 480-0 490 

0 133 x 0 280 

1 0 200 x 0 406-0 466 

0 800-0 933 X 0 600-0 610 


13 Incidlfrons pertusus (Nitzsch) 

9 1818 Docophorus pertusus, Nitzsch, Germ Mag, III, p 290 

This speoies was described from the Coot (Fuhca atra Linn ) by Schrank (1803) 
and since then has been recorded from the type host from many parts of the world 
Kellogg (1896) recorded it from the American Coot ( Fnliea amertcana) and tho Ruddy 
Duok ( Enematura rubtda) which are constant associates in nature 

My specimens were reoordod from the Coot (Fuhca a atra Linn ) shot m Lyallpur, 

ia-fa-1928 

Measurements (mm ) 



Female (1) 

Male (1) 

Body 

1 666x0 686 

1 126x0 493 

Head 

0 560 X 0 406 

0 380 x 0 400 

Thorax 

0 306 x 0 400 

0 266 x 0 306 

Abdomen 

0 800 x 0 686 

0 *80 X 0 493 


Piaget (1880) gave its length to be 1/2"', « e 1 27 mm and 2/3'", l e 1 693 mm 
for male and female respectively, while Kellogg's (1896) female specimens were 
sbghtly bigger and measured 2 0 mm xO 92 mm 

14 Falcoecus Fmilvl (Mjoberg) 

1910 Docop/umts mtlvt, Mjflborpr , Ark Zool , VI, p 109, pi 3, f 1, tf 03 

I provisionally refer to this species a number of specimens obtained from the 
Common Pariah Kite (MUvus mvjmns govtnda Sykes) shot in Lyallpur, 5-iv-lG33 
The type-host of this species iB MUvus aegyptius 

Measurements (mm.) 



Female (2) 

Male (1) 

Body 

2 093-2 218 x 0 893-0 933 

1 799 x 0-800 

Head 

0 800 x 0 800-0 84 

0 733 x 0 733 

Thorax 

0 463-0 480 X0 60 

0 333 x 0 546 

Abdomen 

0 840-0 933 X 0 893-0 933 

0 788 x 0 800 


MjSberg’a (1010) femal e and male speohnens measured 2 3125 mm x 1 0875 mm. 
and 1 925 mm xO 9625 mm. respectively. 





268 


M. ATIQUR RAHMAN AN SARI I MAI.TyQPEAQA (ISOBKOOSBA) 

16 Alcedoecus caplstratus (Neumann). 

1912 Phtloptenu a aputratus, Neumann, Arch Paratti , XV, p. 875, f 20. 

Numerous specimens from the Egyptian White-breasted King-fisher (Halcyon 
s smymensts, Linn ) shot m Kulu, 9-X-1939, and Lyallpur, 21-1-1929 This species 
was described from specimens taken off Halcyon leucoqephala Bedford (1919) 
recorded it from the Brown-hooded Kingfisher ( Halcyon albeventns) from Transvaal 
and Natal 

Measurements (mm ) 



Female (2) 

Male (3) 

Body 

1679-1 746 x 0 453-0 600 

1 439-1 492 x 0 633-0 560 • 

Head 

0 546-0 560 x 0 606-0 533 

0 453-0 493 x 0 480-0 493 

Thorax 

0 306-0 320 x 0 463-0 466 

0 280-0 306 x 0 400-0 426 

Abdomen 

j 0 818-0 880 x 0 453-0 600 

0 666-0 706x0 533-0 560 


16 Anatoecus dentatus (Soopoli) 

1763 Pedusulus dcntattu, Ucopoli, 1 Uni Cam, p 333 

This is the commonest parasite of duoks, reoorded under different names from 
various parte of the world A large number of its recorded hosts occur within Indian 
limits, viz , the White-fronted Goose (Anser a albtjrons, Scop ), the Mallard (Anas 
platyrhyncha, Linn ), the Wigeon (Mareca pendop, Linn ), the Common Teal (Nett ton 
c crecca, Linn ), the Shoveller (Spatula dypeata, Linn ), the Red Crested Poohard 
(Netta rufina, Pallas), the Pochard (Nyroca f Jenna, Linn ), the Scaup (Nyroca m 
mania, Linn ), the Tufted Poohard (Nyroca f Jultgula, Linn ), the Smew (MergeUus 
albellus, Linn ) and the Goosander (Mergus merganser merganser Linn ) 

My specimens were obtained from the Brahmmy Duck (Casarca femigtnea, 
Vroeg), 6-iv-1933, and the Dun Bird (Nyroca f Jenna, Linn ), 14-xi-1932, both shot 
m Lyallpur 

Measurements (mm ) 



Female (2) 

Malo (3) 

Body 

1 479x0 533 

1 118x0 466 

Head 

0 506 X 0 428 

0 428X0 400 

Thorax | 

0 280 x 0 390 

0 226x0 333 

Abdomen 

0 693x0 533 

0 466x0 460 


Kellogg (1896) gave the measurements of female as 1 4 mm xO 52 mm 

17 Penenlrmus subflavescens (Geoffroy) 

1762 Pedtculus ntbflovMcent, Geoffroy, Hut Ab Ins , II, p 6B9 

This speoies has been recorded from a number of passerine birds Giebel 
(1874) listed 20 passerine birds representing IB genera, Pieaglia (1886) gave an ex- 
haustive list of synonymy and listed 43 species of European birds from wMoh this 
species was collected up to that time Kellogg et al. (1896-1899) reoorded it from 
about 46 American Passeriformes Harrison (1916) has referred to 21 synonyms. 
Provisionally I refer numerous specimens to this group of closely allied speoies 
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from the following birds shot in Ly allpur Variation among these specimens was 
marked and certainly of specifio value, but the uncertain condition of thiq species 
kept me from attempting further diagnosis The Bengal Jungle Babbler (Turdoidea 
terncohr temcolor Hodgs ), the Common Babbler (Argya c caudata, Dumont), the 
Punjab Red-vented Bulbul ( Molpastea cafer intermedins, Jerdon), the Himalayan 
White-oheeked Bulbul ( Molpastea l leucogenys, Gray), the Western Red Spotted 
Blue-throat (Cyano&ylwi s auecica, Linn ), the Brown-backed Indian Rohm ( Saxt - 
coUndes fuhcata cambaiensis, Lath ), the Indian Great Grey Shrike (Lanins excubttor 
lahtora, Sykes), the Rufous-baoked Shrike (Lamus schach erythronotus, Vigors), the 
Brown Willow Warbler (PhyUascopns eollybitus tnstis Blyth ), tho Red headed 
Bunting ( Embenza brunmceps Brandt ), the Indian White Wagtail (Motacilla alba 
dukhunensis, Sykes) and the Indian Crested Lark (Galenda crisiala chendoola Frankl ). 

Measurements (mm ) 


Female (8) Male (3) 


1 289-1 4«2x<P53-0 «I3 1 120-1 320 x<> 12(1 0 r >40 

« 45 1-0 560 x 0 420-0 530 0 4(.1\0 400 

0 203-0 260 x 0 360 0 403 0 200-0 200 A 0 3 1 1-0 380 

0 530-0 733 X 0 530-0 61 3 0 463-0 1)00/0 420-0 54(1 


18 Penenlrmus ornatus (Nitzsoh) 

1800. Docophonu ornatus, Nitzsoh, in Giebel, Ze\t , / ges, Nat , XXVII, p 116 

This spooies was described by Nitzsoh (m Giebel 1860) from specimens taken 
off the European Golden Oriole (Onolus o onolus, Linn ) The specimens referred 
to here were immature and obtained from the Indian Golden Oriole (Onolus o 
Icundoo Sykes), shot in Lyallpur, S-vu-1928 

19 Penenlrmus raji.i sp nov 

Fentale (Text-fig 6a) well built, yellowish with brownish body markings, with 
oonspiouous tergal plates and ventral transversal blotehes 

Head slightly longer than broad, forehead narrow, concave, olypeal suture 
distmot, anterior angle with two hairs, 3 hairs beyond it on tho proantennal region, 
antennal band and internal bands well formed, narrow, trabeculae large, aiute, 
reaching as far as two- third of the II antennal segment , antennae normal, similar in the 
two sexes, eyes prominent with a basal hair , ocular bands distinct, temples rounded 
with one long hair and a few settle as shown in figure, occipital signature small, 
pharyngeal glands and Bolente well developed 

Prothorax well developed, projecting considerably beneath the head, posterior 
angle with a hair , marginal band well pigmented, interooxal plates showing through 
True ptero thorax, projecting laterally, latero-postenor angle with tv o hairs , posterior 
margin oharaotenstioally angulate on the abdomen with a series of long hairs, 
marginal bands distmot, sternum distinct, interooxal plates well developed Legs 
normal, oonoolorous with body 

Abdomen ovate, with slightly projecting segments, marginal bands I— VH 
distinot, with turned inwards heads, tergal plates I-VII submarginal, tergal plate 
VIH entire, segment IX emargmatc, colourless Chaetotaxy soaroe. Sternal 

1 1 ‘Raji* in vernacular means tb» Indian Yellow-throated Sparrow- 


Body 

Hoad 

Thorax 

Abdonif 
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plates distinctly marked, genital plate on segment VIII with pustulated setae on 
the margins. 



a Dorsal and ventral aspects of female, 6 Dorsal and ventral aspects of thorax and abdomen 
of male ; c Male genital armature 

Male (Text-fig 56) similar to female, last segment rounded behind with narrow 
posterior border and numerous hairs Genitalia (Text-fig 5c) showing through 
segments VT-IX 

Holotype (female) mounted on slide No. MI 025H, from Lyallpur, 13-V-1933, 
ex the Yellow-throated Sparrow (Qymnons x zanthccolhs, Burt ) Allotype (male) 
on slide No MI 026A from Lyallpur, 5-V-1931, ex the Indian House Sparrow 
(Passer domestxcue \nd%cua Jard. and Selby.). Paratypes (2 females) mounted together 
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Piaget (1880) gave the measurements of female and male as 1 7-1 8 mm X0 73 
mm and 1 0 mm x 0 7 mm respeotively 

22 Philopterus garrull (Boiad & Lacord.) 

1835 Docophoma garrull, Boiaduval A Lnoordniro, Faun Ent., Parts, p 120 

This species is found quite commonly upon the .Tay (Qarrulus glandariut) 
Kellogg and Paine (1914) recorded it from the Yellow-billed Magpie (Urociasa f 
jlavirostns, Blyth), tho Indian Treepie ( Dendrocitta rvfa raja, Lath ), the Himalayan 
Treepie (Dendrocitta sinensis hurialayensis Blyth), the Black-throated Jay (Oarndus 
lanceolatus Vigors) and the Large Spotted Nutcracker (Nuctfraga muUipunctata 
Gould), all from India 

The present spocimons are from the Indian Red-billed Blue Magpie (Vroctssa 
erythrorhyncha occipitalis, Blyth) and the Bengal Treepie ( Dendrocitta r raja, Lath ) 
both shot m Lyallpur, 16-vut-1028 and 25-vm-1928 respeotively 

Measurements (mm ) 


Female (1) 


2 106x0 80 
0 600 XO- 573 

0 106 x 0- 546 

1 04x0 80 


Piaget (1880) gave the measurements of male and female as 1 5 mm x0 67 mm. 
and 1 9 mm x0 8 mm respectively 

23 Philopterus corvl (Linn ) 

1758 Pidiculus com, Linnaeus, Sys Nat , n, p 612. 

This species was recorded by Denny (1842) from the Common Book (Corvua 
frugtlegus) and tho Hooded Crow (Comma cormx) It has also been recordod by 
Kellogg and Paine (1914) from crows m India 

The present specimens were obtained from the'Punjab Raven (Comma corax 
ktvrencei, Hume), tho Eastern Rook (Comma frugilegua tschusu, Hartert), the Common 
Indian House Crow (Comma splendent splendena Vieill ), all shot m Lyallpur 21-vi- 
1938, 21-U-1929 and ll-u-1930 respectively 


Measurements (mm ) 



Female (8) 

Male (1) 

Body 

1 740-2 220 X 0 820-0 880 

1 913x0 76 

Head „ 

0 610-0 680 X 0 660-0 773 

0 660 x 0 66 

Thorax 

0 333-0 414 x 0 560-0 813 

0 307x0 56 

Abdomen 

0 800-1 200 x 0 828-0 880 

0 946x0 76 


Piaget (1880) gave the measurements of female and male as 2 2 mm, x0 94 mm. 
and 1-8-1 9 mm.x0 94 nun. respectively. 
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24 Philopterus sturni (Sohrank) 

1778. Pediculu a atumt, Sohrank, BeU zur Nat., p 118, f 11-14 

This species was described from specimens ob tamed from the Starling (8turv.ua 
vulgarta Linn ) The specimens referred to were obtained from the Rose-coloured 
Starling (Pastor roseus , Linn ), tho Himalayan Starling (Stumus vulgarta humu 
Brooks), the Black-Headed Mayna (Ternenuch.ua pogodarum, Gmel ), the Common 
Mayna (Acrtdotheres t tristis , Linn ), and tho Bank Mayna (Acndotherea gingmutnua. 
Lath ) , all shot m Lyallpur. 

Measurements (mm ) 



Female (5) 

Male (2) 

Body 

1 306-1 813X0 013-0 733 

1 189X0 663 

Hoad 

0 630-0 800 x 0 631-0 500 

0 600X0 533 

Thorax 

0 240-0 280 X 0 140-0 107 

0 240 x 0 400 

Abdomen 

0 613-0 813x0 013-0 731 

0 440X0 463 


Piaget (1880) gave the measurements of tho female and male as 1 5 mm X0 72 
mm and 1 2-1 3 mm X 0 54 mm respectively 

IV DEGEERIELLIDAE 

25 Pslttaconlrmus chandabani, 1 sp nov 

Female (Text- fig 6a) yellowish white with distinot, brownish yellow pleural 
plates and indistinct tergal markings 

Head longer than broad, olypeal front rounded, small hairs distributed as shown 
in figure, olypeal band narrow, antennal band broad, highly pigmented, clypeus 
with two small papillao as shown in figure, clypeal signature absent, internal bands 
travelling half way towards the clypeal signature, trabeculae distmc t, small, trian- 
gular , antennae filiform , temporal lobes rounded, as broad as the base of preantennal 
region, eyes distinct, ocular fleck black with a seta, temporal margin narrowly 
banded Oooipital margin concave, occipital signature distinct, largo, pharyngeal 
sclente and glands present 

Prothorax rectangular, large, a long hair m the posterior margin and a small seta 
towards the anterior, posterior margin straight or slightly convex, bare, sternal 
plate narrow, precoxal margin pigmented showing through on the dorsum Meso- 
and metathorax with a distinot marginal suture, otherwise fused, pterothorax trape- 
zoidal, projecting laterally a little, posterior angle outwardly rounded w ith two small 
hairs, posterior margin angulate on tho abdomen w ith a (listin' t modian denticle 
with four long hairs on the margin , marginal bands distinct, brown , ratercoxal plates 
showing through on the dorsum Sternal plates distinct, broad, with a small seta 
Legs long, lipeuroid 

Abdomen elongate, marginal bands brown, oonspicuous on segments I-VII, 
ohaetotaxy very scarce, confined sub marginally only, median areas almost bare, 
v antrum with a well built genital plate arising from the base of segment VII with 
four thiok setae and n um erous delicate hairs, terminal segment notched 

Male (Text-fig fib) similar to female, but shorter, antennae appendioulate 
(Text-fig 0c), abdomen widening posteriorly to segment VI, segment VII a little 
narrower than VI, and segments VUE and IX narrowing more rapidly, segment 
VIII with 18-20 dorsal hairs arranged in a semicirclo, segment IX broadly rounded 


} 1 Qbapdabani * in vernacular mean* the Indian Large Paroquet. 
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posteriorly with a median notch and profusely setaoious, ventrum with a delioate 
spur on segment III Genitalia (Text-fig. Qd) characteristic) with interlocking and 
well built parameres 



Text wo 8 PaMacoturmua chanddbam, up nov 


a Dorsal and ventral aspoots of female, b Dorsal and ventral aspects of tl^prax and abdomen 
of malo, o Male antenna, d Male genital armature 


Measurements [mm.) 



Female 

(Holotype) 

Female (3) 

Male (2) 

Body 

1 918x0 460 

1 706-1 826x0 388-0 426 

1 412-1 426 x 0 346-0 373 

Head 

0 493X0 366 

0 466-0 493 X0 360-0 373 

0 400-0 426 X 0 306-0 333 

Prothorax 

0 133X0 226 

0 133x0 213-0 226 

0 093-0 108 X 0 178-0 200 

Pterothorax 

0 220 X 0 360 

0 200-0 216 xo 333-0 300 

0 226 x 0 298-0 806 

Abdomen 

1 060 X 0 486 

0 893-1 026 x 0 886-0 428 

0 680 x 0 346-0 373 


Holoiypt (female) and AUotype (male) from Lyallpur, 18-W-1031, ex the Indian 
Large Paroquet [PstUacula eupatna nepalensts Hodgs ) mounted on slide No MI. 
030, Paratypes : numerous males and females (same data as above) preserved in 
alcohol. 

This speoies closely resembles Lipeurut circumfasciaius Piaget from Platycercvs 
melanurus, but differs m numerous details given above. 
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26 Psittaconirmus lybartota, 1 sp nov 
Female (Text fig la) yellowish whito with distmot brownish yellow pleural 
bands and indistinct tergal markings very similar to Psiltaeonirmus chandabam 
sp nov (vide supra) but the following characters separate it 
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(1) Male (Text-fig 76) -with almost subparallel sides, (2) segment VUE with 
6-7 hairs on eaoh side of the circle, median area definitely bare, (3) male genitalia 
(Toxt-fig 7e), as seen in extending condition, is different with short parameres 
which are not interlocking, (4) ventrum without any spur Ofl’BSgment III 

Measurement [mm) 



Female 

(Holotype) 

Fomale (3) 

Male (1) 

Body 

1 645 X 0 333 

1 600-1 662x0 306-0 30 

1 293x0 280 

Head 

0 440 x 0 203 

0 413-0 440 X 0 280-0 32 

0 400x0 280 

Fro thorax 

0 003x0 213 

0 080-0 120 X 0 173-0 20 

0 003 x 0 173 

Pterothorax 

0 220 X 0 308 

(> 200-0 226 xO 203-0 32 

0 200X0 293 

Abdomen 

0 886x0 333 

0 880-0 803 x 0 308-0 36 

0 600X0 280 


Hololype (female) and Allotype (male) from Lyallpur, 6-X-1931, mounted to- 
gether on slide No MI 036 ex the Indian Rose-Tinged Paroquet [Paxttacvla kramert 
manilknaxs, Beehst ) Paratypea numerous males and femalos preserved in alcohol 
(same data as above) 


27. Quadraceps kekra, 1 sp nov 

Female (Text-fig 8a) yellowish white with dark blaok marginal markings on 
head, thorax and abdomen, and ohostnut- brown ocoipital signature and abdominal 
blotohes 

Head elongate, conical, clypeus truncate, front concave, feebly emarginate, 
a short hair at each anterior angle, two lateral ones, one in the middle and one at 
the clypoal suture, lateral band well defined, black, clypeal signature wanting, 
‘inner band absent, antennal band represented by two conspicuous blaok blotohes, 
one just near the olypeal suture and another at the base of trabeoulae, trabeculao 
short, conical and distinct, antennae short and slender, seoond Begment longest, 
terminal segment pigmented, temporal margins weakly convex, with one long and 
two short hairs at the rounded posterior angle, temporal band blaok, continuous 
with the ocular blotch and bar Eyes weakly develojid, eaoh with a spine, hyaline 
cornea distorted * Occipital margin concave, bare, occipital signature chestnut 
brown 

Prothorax quadrangular with short hair on the posterior angle, lateral margin 
blaok, the blaok area running anteriorly in the head as far as the occipital signature, 
and posteriorly along the posterior margin as far as the middlo line Moso- and 
metathorax completely fused into pterothorax Pterothorax pentagonal, posterior 
angles projecting, anterior lateral margin chestnut brown, mtercoxal, curved sternal 
blotches, showing through, posterior angles with 3-4 short hairs, two long marginal 
hairs on the posterior Legs as in DegeerxeUa feltx (Qb ) 

Abdomen nearly parallel sided for most of the length , segment I narrow, sides 
slightly ooncave, posterior margin angulate on segment II with a blaok spot at the 
large pleurite re-entrant head ; sternum with a pointed half-moon shaped brownish 
blotoh Segments II- VII with marginal bands thickened on the anterior ends and 
with black spot* at the large pleurite re-entrant heads , d orsum with small median 
blotches and ventrum with transverse blotohes , segment VIII with a blotch and a 
bar at the lateral margin, and a median blotoh just near the posterior margin, 
segment IX bilobed posteriorly with a black blotoh on each lobe. Chaetotaxy 
soaroe Anal onfioe in female very conspicuous 


‘Kekrs’ w vernacular means the Egyptian Quit billed Tern 
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Male (Text flg 86) agrees with the female exoept in size and abdominal sternal 
blotehes which are wider last abdominal segment broadly rounded with ohestnut 
marginal band and with about 10 12 long marginal hairs and 4-4 submartrmal 
hairs Genitalia (Text fig 8e) well developed short parameres sword shaped, 
turned inward with a small seta at the tip endomeral plate well developed with 
well ohitinised lateral margin havmg two small setae at the postal end penis well 
developed and onolosed in a sheath 



Tbxt no 8 Quadracepa kckra sp nov 

a Dorsal and ventral aspects of female b Dorsal an 1 ventral aspects of abdomen of male, 
c Male gc nit il irn at ire 


Measurements (mm ) 



Female 

(Holotype) 

Male 

Body 

I 810x0 894 

1 440 X 0 386 

Hoad 

0 607 x 0 380 

0 466x0 333 

Prothorax 

0 080 x 0 218 

0 080 x 0 1 86 

Pterothorax 1 

0 178x0 280 

0 183X0 226 

Abdomen j 

1 058x0 894 

0 701X0766 


Holotype (female) and Allotype (male) from Lyallpur, 11 viu 1931, ex the 
Egyptian Gull billed Tern ( Qelochehdon n mlottca, Gmel) mounted on slide 
N& MI 102H and MI ld2A respectively Paratype one female mounted on slide 
(same data as above) 
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These examples olosely resemble DegeerkUa praestans (Kellogg) and DegeerkUa 
fekx (Ob ), but are distinctly of a smaller sizo, different type of marginal bands on 
the abdomen, transverse abdominal blotches and also alight variation in ohaeto- 
taxy distinguish it from the two speoies 

28. Qiiadraceps cursorlus (Mjbberg). 

1010 Nirmu* oursoruu, MjOberg, Ark Zod , VI, p 141, pi 1, f 4 
Mjdborg (1910) obtained it from the Cream-coloured Courser (Cursonus gaUtcus 
Gmolin = cursor cursor, Lath ) in Europe The specimens referred to horo were 
obtained from the type-host (Curs onus c cursor, Lath ), shot in Lyallpur, 13-xn-1930 
I transfer it to the genus Quadraceps booause of the characters given by Clay and 
Moinertzhagen (1939) 

Measurements (mm ) 



Female (3) 

Body 

2 018-2 226 x 0 401-0 533 

Hoad 

0 660-0 640 X 0 401-0 426 

Thorax 

0 208-0 333 x 0 400-0 401 

Abdomen 

1 160-1 203 X 0 401-0 633 


Mjoborg (1910) gave the measurement of female as 2 3 mm X0 6125 mm 

29. Quadraceps hlaticulae (Mailer) 

1780. Pedteulus hiaticulae, Mill lor, in Fabricum, Faun Oroen , p 220 

, This species is recorded from various birds belonging to the family Charadmdae 
The following of its bird-hosts are also common within Indian limits The Ringed 
Plover ( Charadrvus hxalxcola Linn ), the Little Plover ( Charadnus dubxus Soop )', 
the Avocet (Recurvirostra avocetta avocetta Linn ) and the Lapwing ( VaneUus vaneMus 
Linn ) My specimens were obtained from the Indian Red-wattled Lapwing 
( Lobwanellue \ tndwus, Bodd ), shot in Lyallpur, lB-iu-1929 


Measurements (mm ) 



Female (1) 

Male (1) 

Body 

1 772X0 360 

1 319x0 340 

Head 

0 460X0 333 

0 440 x 0 320 

Thorax 

0 306 x 0 280 

0 293x0 240 

Abdomen 

1000X0 360 

0 580x0 346 


Piaget (1880) gave the measurements of female and male as 1 5 mm xO 4 mm. 
and 1 3-1 4 mm. respectively 

30. Quadraceps slgnata (Piaget). 

1880 Nxrmus stgnatus, Piaget, Lts Ptdteulines, p 186, pi 16, f 8 

This speoies was first described from the Avooet (JSecumroatro o avocetta 
Linn.) Waterston (1914) recorded it on the same host in South Africa The present 
specimens were taken off the Black- winged Stilt (H\mantopus h, Mmantopus, Linn.) 
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Measurements (mm) 



Female (I) 

Hale (1) 

Body 

2 211x0 451 

1 857 x 0 451 

Head 

0 478 x 0 309 

0 478x0 338 

Thorax 

0 338X0 309 

0 295x0 205 

Abdomen 

1 395X0 451 

1084X0 451 


PiAget (1880) gay® the measurements of fomale and male as 2 0-2 2 mm x0 52 
mm. and 16-17 mm xO 46 mm respectively 


31. Qiiadraceps holophaea (Nitzsch). 

1838 Ntrmua holophaetm, Nitzach, in Burmomtor, Handbuch der Knt , II, p 427 

It has been recorded from most parts of the world on the type-hbst, the Ruff 
and Roeve ( Phtlomachue pugnax, Linn ) My specimens were taken off the typo- 
host, shot in Lyallpur, 13-vm-1929 


Measurements (mm ) 



Femalo (1) 

Male (1) 

Body 

1 662x0 295 

1 241x0 352 

Hoad 

0 394 x 0 225 

0 380x0 207 

Thorax 

0 230x0 211 

0 218x0 239 

Abdomen 

0 920X0 295 

0 046x0 352 


Piaget (1880) gave the measurements of femalo and male as 1 7-1 8 mm X 
0 34 mm and 1 6-1 7 mm x 0 33 mm respectively 


32. Quadraceps furva (Nitzsch). 

1838 Ntrmut Jurvua, Nitzsth, in Burmomtor, Handbuch de> Knt , II, p 427 

Recorded by Piaget (1880) from the Greonshank (Glottis nebvlarvt, Gum ), 
the Spotted or Dusky Redshank (Tnnga erythropus, Pallas), the Common Sand-piper 
(Tnnga hypoleucus Linn ), the Green Plover or Lapwing (Vanellus vaneUus Lum ) 
and the Chinese Little Rimed Plover (Charadnus d dubius Scop ) It has also been 
recorded by European authors on tho Turnstone (Arenana i inter pres, Linn ), the 
Kentish Plover (LeucopoUus a alexandnnus, Linn ), the Large Sand Plover (6'trre- 
pidesmus leschenault n, Lesson), tho Blaok-wmged Stilt ( Hxmantopus h hxmantopvs, 
Linn.), the Bar-tailed Godwit (Lxmosa lappomca lapponica Linn ), the Green Sand- 
piper (Tnnga ochrophus Linn ), the Curlew-Stmt or Pigmy Sand-piper (ErcAxa 
testacea, Pallas), and tho Dunlin (Erolxa a alpma, Linn) All these hosts occur 
within Indian limits 

My specimens were obtained from the Green Sand-piper (Tnnga ochrophus 
Lum ), 24-lv-1933, and the, Blaok-wmged Stilt (H h himantopus, Linn ) 25-iv-1938, 
both shot in Lyallpur 
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Measurements (mm.) 



Female (1) 


Body 

Head 

Thorax 

Abdomen 

1 889x0 295 

0 422x0 239 

0 239x0 218 

1 028x0 205 

1 210 X 0 263 

0 230x0 197 

0 167x0 182 

0 774x0 253 


Piaget (1880) gave the measurements of female and male as 1 6-1 0 mm X 
0 37 mm and 1 2-1 3 mm xO 29 mm respectively 

33. Lunaceps actophila (Kell & Chap ) 

1899 Ntrmus actophilus, Kellogg & Chapman, Proc Cal\f Acad Set (2) VI, p 78, pi 6, f 4 
This species was described from the Sandorling (Calxdrxs arenana) shot m 
California Bedford (1920) recorded it from the Curlew Sand-piper (Erolxa testacea, 
Pallas) and the Littlo Stmt (Erolxa mmuta mxnvia, Leist ) from South Africa Both 
those birds are also distributed within Indian limits My specimens were obtained 
from the Little Stmt (Erolxa rn mmuta, Leist ), shot m Lyallpur, 25-iv-1933 

Measurements (mm ) 


Fomalo(l) Male (1) 


1464x0 230 1 295X0 211 

0 338x0 225 0 362x0 182 

0 263x0 100 0 225X0 169 

0 873x0 239 0 718x0 211 

Kellogg and Chapman (1899) gave the measurements of female as 1 69 mm x 
0 4 mm 

34. Cardulceps cingulatus zonarius (Nitzsoh). 

1838 tfirmus cmgulatiu zonana, Nitzsch, in Burmeirter, Handkwh der Erxt , TT, p 438 

This species was described by Denny (1842) from specimens taken off the 
Blaok-tailed Godwit (Lxmosa l lxmosa, Linn ) Piaget (1880) recorded it from the 
Sanderhng ( Calxdrxs arenana) and the Little Stmt (Erolxa m mmuta, Leist ) The 
Godwit and the Little Stmt are migrants to North-West India The specimens 
referred to below wore obtained from the Little Stint (Erolxa m mxnuta, Leist ), 
shot m Lyallpur, 5-1V-1933 

Measurements (mm ) 



Female (1) 

Body 

1 280x0 338 

Head 

0 309 X0 258 

Thorax 

0 197x0182 

Abdomen 

0 774 x 0 388 
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Piaget (1880) gave the measurements of female and male as 1 3 mm xO 3 mm 
and 1-1-1 2 mm, respectively -while Ntrmus cxngvlatus Nitzsoh is given as 1 5 mm. 
XO 42 mm and 1 3-1 4 mm xO 38 mm respectively 


35. Gucullcola latlrostrls (Burmeister) 

, 1838 Ntrmus latirostrui, Bunneiator, Handbuch der Knt , II, p 429 

It was described from 'specimens taken off the European Cuckoo (Cwcxdua 
canorus Linn ), which migrates in winter to North-West India My specimens were 
obtained from the Common Hawk Cuckoo (Ht erococcyx vanus Vahl ), O-iv-1928, 
and the Indian Pied Crested Cuckoo (Ulamaior j jacobtnus, Bodd ), 22-viu-1929, 
both shot m Lyallpur 

Measurements (mm ) 



Femalo (4) | 

Malo (4) 

Body 

I 620-1 708 XO 360-0 440 

l 599-1 613x0 410-0 466 

Head 

0 477-0 606 X 0 333-0 346 

0 480-0 493 x 0 340 

Thorax 

0 200-0 240 xO 306-0 320 

0 1 86-0 200 x 0 333 

Abdomen 

0 946-1 066 x 0 360-0 440 

0 920-0 933x0 400-1) 489 


Piaget (1880) gave the measurements of female and raalo as 15-10 mm x 
0 43 mm and 1 4 mm xO 39 mm respectively 


36. Syrrhaptoecus emahusalnl, sp nov 

Female (Text-fig 9) elongate, about five times as long as wide, smoky brown 
with fusoous black bands on the margin of head, thorax and abdomen and fuscous 
transverse abdominal blotches, chaototaxy scarce 

Head stout, about two times as long as wide, forehead broader at posterior 
aspect, with an angulation on meson, lateral margins straight bearing two short 
hairs , antennal bands fuscous blaok, continuous with yellowish brown clypeal bands , 
trabeculae movable, short, triangular, slightly longer than broad, antennae simple, 
eyes hyaline, prominent, cornea rounded, ocular sota wanting, ooular band well 
formed, temples convergent, lateral margins almost straight or flatly rounded with 
a long median hair, marginal band narrow, not very distinct but near the eyes, 
posterior margin flatly concave, ocoipital band dark yellow to brown 

Thorax about half as long as head Prothorax narrow, short, tiapizoidal, 
anterior portion deeply inserted under the occipital margin, lateral margins project- 
ing, straight, bare, lateral bands distinct, posterior margm straight Mesothorax 
narrow, collar-like, with distinct lateral bands, oomplotoly fused posteriorly with 
metathorax Pterothorax woll developed, broad, parallel sided, lateral bands 
broad, latero-poaterior angles rectangular with two postulated long hairs , posterior 
mar gin strai gh t, bare Legs oonoolorous with the thorax, marginal markings on 
femora and tibia narrow Sternal plates well developed, as shown in figure 

Abdomen elongated, broadest in the III segment, gradually tapering towards 
the last segment, segment I shortest, segment II longest and segments fll-V long, 
nearly equal in length, segments VI-VII short, segments VIII and IX fused, latero- 
poe tenor an gles of II-VIII segments with one hair, posterior margins straight, 
ter minal segment with median notch , segments I-VI bearing transverse row of 2-3 
long hairs , lateral bands Woll developed, eaoh pleunte articulating with pleunte in 
front of it by means of an inner, capitate condyle, transverse bands confined to the 
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middle Sternal plates I-V with 1-2 short hairs, steraite VI with distinct genital 
blotch and longitudinal bands. 



Text no 0~ Syrrhaptoectu emahutam* si 
Dorsal and ventral aspeots of female. 

Holotype (female) on shde No. MI 129 from Lyallpur, ex the Indian Common 
Sandgrouse ( Pteroclea exu&tus erlangen Neum ), shot on 28-vw-I931. Paraiypes : 
3 females (same data as above). - 
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Measurements {mm ) 



Female (Holotype) 

Female (3) 

Head index (breadth i 
length) 

0 594 

0 660-0 668 

Body 

1 642x0-381 

1 598-1 680 X 0 373 0 426 

Head 

0 516x0 301 

0 506-0 533x0 333-0 346 

Prothorax 

Ptero thorax 

0 079x0 1987 

0 136 x 0 264 ( 

0 201-0 226 x 0 293-0 333 

Abdomen 

0 912x0 381 

0 866-0 948 < 0 373-0 426 


This species closely resembles Syrrhaptoccm dtgonus Waterston, but sufficient, 
difference, however, exists in the aize of the body, general chaototaxy and other 
important details 

37. Syrrhaptoecus falcatus Waterston. 

1928 Syrrhaptoecus falcatus, Waterston, Proe Zool Soc , London, p 345, t f 2a-10fc 
Waterston rooordod it from Pterocles senegalerms, Licht var onentalts 1 
Two females and one male were obtained from the Indian Common Sandgrouse 
(Pterodes eiustus erlanaen Neum ), shot in Ljallpur, 28-vm-1931 They differ from 
the typo in some minondetoils, viz , in being smaller and m having evenly parabolic 
forehead m the male and slightly angulato m the female 


Measurements (mm ) 



Female (2) 

Male (1) 

Head mdex 

0 77-0 86 

0 73 

Body 

2 066-2 106 x 0 466 

1 453 X 0 333 

Head 

0 466-0 493 x 0 360-0 373 

0 400x0 293 

Thorax 

0 333-0 346 x 0 333 

0 240x0 240 

Abdomen 

1 268 X 0 400 

0 813X0 333 


Waterston (1928) gave the measurements of female and male os 2 14-2 37 mm 
XO 51-0 58 mm and 1 43-1 69 mm X0 4-0 45 mm respectively, while head index 
aa 0 76-0 77 and 0 76-0 80 respectively 

38. Upuplcola melanophrys (Nitzsch). 

1866 Nirmus melanophrys, Nitsaoh, in Giebel, Ztrd f ges Nat , XXVIII, p 369 

It was originally described from the specimens taken from the ^European 
Hoopoe (Upupa epopa epopa T.inn ) The present specimens were obtained from the 
Indian Hoopoe ( Upupa epopa onentalts Stuart Baker), shot in Lyallpur, 19-U-1928 
It has also been recorded from the African Hoopoe (Upupa epopa afneana), by 
Waterston (1914) and Bedford (1919) 


1 Pterodes sensgalenns Lioht (name preoccupied) — P exuetus Temm (FBI, V, 271) 
There appears to be some discrepancy in Woterston’s record (1928), aa" there seems to be no such 
Sandgrouse as P sentgalenets onentalts Hass from within Indian region By P s onentalis 
Hass,, the author probably' means P. txustus onentalts Hartert (Stuart Baker, 1928, Faun 
Brit. Ind., V, p. 271 ) 
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Measurements (mm ) 



Female (4) 

Male (2) 

Body 

] 811-1 808 x 0 500-0 530 

1 719-1 836 x 0 466-0 488 

Head 

0 540-0 573 xO 420-0 440 

0 493-0 630 X 0 400 


0 293-0 333 X 0 300-0 400 

0 293-0 333x0 360-0 400 

Abdomen 

0 930-1 000 X 0 600-0 530 

0 933-0 973 x 0 466-0 480 


Piaget (1880) gave the measurements of female and male as 1 7 mm xO 48 mm 
and 1 6 mm X 0 46 mm respectively 


39. Kelerlnlrmus fusca (Nitzsch). \ 

1842 -Vtrmui fusetu, Nitzsch, m Denny, Anop Bnt , p 118, pi 8, f 8 
This is a long known spornes, recorded under different names, from all over 
the~ world, from numerous diurnal birds of prey (Aeoipitres) Most of the hosts 
are known to oocur within Indian limits, viz , the Lesser Kestril ( Cerchnets naumanra, 
Fleisch), the Booted Eagle (Hxeraetua pennatus, Gmel ), the Black Kite (Mtlvus 
mxgrans mxgrans, Bodd ), the Black-winged Kite ( Elanus coeruleus , Desf), the 
Marsh-Harrier ( Ctrcus a aeruginasus, Linn ), tho Goshawk (A star g gentilis, Linn ). 

The present specimens wero obtained from the Indian Red-headed Merlin 
(Falco c chiquera, Dauden), 4 1-1929 and 10-m-1928, the White-eyed Buzzard Eagle 
( Butastur teesa, Erankl ), 20-m-1928, 4-V-1928 and 14-vi-]B29, and tho Common 
Pariah Kite (Mtlvus mxgrans govxnda Sykee^ 4-1-1929, lfi-m-1930 and 15 - 1 V- 1930 , 
all from Lyallpur 

Measurements (mm ) 



Female (3) 

Male (2) 

Body 

1 892-2 109 X 0 400-0 573 

1 705-1 953 x 0 400-0 490 

Head 

0 646-0 600 X 0 410-0 453 

0 493-0 530 X 0 360-0 400 

Thorax 

0 200-0 333 0 490 -0 480 

0 260-0 333 X 0 300-0 420 

Abdomen 

0 850-1 200 xO 400 -0 573 

0 948-1 000 x 0 401-0 493 


Piaget (1880) gave the measurements of female and male as 17-18 mm X 
0 48 mm and 1 6-1 6 mm x0 43 mm respectively, while Kellogg’s (1896) female 
was 2 4 mm x0 62 nun 


40. Kelerlnlrmus rufa (Nitzsch). 

1838 Ntrmut rujut, Nitzsch, in Burmeister, Handbuch der Ent , II, p 430 

This species has been recorded from various Aeoipitres, many of which also 
occur within Indian limits, viz , the Eastern Peregrine Falcon ( Falco peregnnus 
eahdus, Lath ), the Hobby (F s svbbuteo, Linn ), the European Kestrel (Cerchnets 
t. Hnnurtcvius, Linn ), the Indian Crested Hawk Eagle (Sptzaetus (= Ltmnaetops ) 
6 drrhatus, Gmel ), the Montagu’s Harrier (Ctrcus pygargus, Linn ), the Pale Hairier 
(Ctrcus macrourus, Gmel ), the Hem Hamer (Ctrcus cyaneus cyaneus, linn ), the 
Marsh Harrier (Circus a aerugtnosus, Linn.), the Desert Buzzard (Buteo vuiptnvs, 
Gloger), the Sparrow Hawk (Acctptter nisus, Linn ), etc. 
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The specimens referred to below were obtained from the Lagger Faloon (Falco 
jugger Gray), 29-W-1928, 6-i-1929 and ll-iv-1929, and the Himalayan Kestrel 
(Cerchnett txnnunculus tnterstxnctue, McClell), 19-iv-] 938, both shot in Lyallpur 


Measurements (mm ) 



Female (2) 

Male (4) 

Body 

1 876-2 079 XO 440 0 500 

1 699-1 810 x 0 440-0 460 

Head 

0 530-0 573 x 0 400-0 440 

0 453-0 506x0 306-0 370 

Thorax 

0 266-0 306 xO 373-0 440 

0 266-0 280X0 320 

Abdomen 

1 080-1 200 X 0 440-0 660 

0 880-1 020 X 0 440-0 400 


Piaget (1880) gave the measurements of female and male as 1 9 mm XO 53 mm 
and 1 6 mm xO 46 mm respectively 


Painjunirmus, gen nov. 

This genus is distinguished from the other Degeeriellidae by the shape of the 
head and abdomen, narrow marginal bands, absenoe of tergal plates, and male 
genitalia Head corneal , clypeal margins bordered with yellowish brown to black 
bands, clypeal signature entirely absent, internal band absent, traboculae small, 
narrow, antennae filiform m both sexes , temporal margins rounded, sbghtly extended 
beyond the lateral olypeal margin, ocoipital band absent, occipital signature tri- 
angular but not sclerotic Cephalic band conspicuous Prothorax quadrangular, 
pterothorax with strongly diverging sides and rounded posterior margin Abdomen 
elongated, with sub-parallel sides, not tapering posteriorly until after segments 
VII- VIII, last segment rounded posteriorly in male and bilobed in female, pleurites 
distinct, -with re-entrant heads, tergal plates not distinct, chaetotaxy very scaroe, 
female genital plate conspicuous on segment VII, with fino row of postonor hairs 
Male genitalia characteristic as shown in figure 

The genus is erected to include species of the type usually referred to mkrrupto 
fascxatx Piaget. Specimens of Paxnjuntrmus have been exammed from various 
Passerine genera 

Genotype — Patnjvmrmus pengya sp nov (vide %nfra) ex the Bongal Jungle 
Babbler ( Turdotdes terncolor temcoior, Hodgs) 1 

41 Painjunirmus pengya, 2 sp nov 

Female (Text-fig 10a) yellowish white with distinct, narrow, deep yellow, 
lateral bands and marginal markings, median abdominal blotches well pigmented, 
body otherwise poorly sclerotised 

Head com cal, sbghtly longer than broad, clypeal front narrow, parabolic, 
angularly oonoave , one short hair at the anterior angle, one suoh on tne submarginal 
region, four hairs along the latero-frontal margin, clypeal band deep yellow-brown, 
fused with the antennal band which turns angularly inwards at antennal fossae , 
olypeal signature indistinot, internal bands not well marked trabeoul&e small, 
extending in length to the middle of the first antennal segment, antennae small, 
segment 'll longest, I smaller than II but robust, III-V smallest and subequal ; 


1 It has been pointed out that the Punjab form appears to be Turdotdee temcoior etndtontu 
Tioehurat I retain the Turoxiea t temcoior on the authority of Bombay Natural History 
Society who identified this specimen (Jour Bombay Nat Hut So c., 1937, XXXIX, p 2) 

* ‘ Pengya- mains ’ in vernacular means the Bengal Jungle Babbler. 

3 
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temporal margin about half the frontal region in length, well rounded, with a long 
hair and a seta towards the posterior angle, temporal band narrow but distinct, 
oooipital margin slightly oonvex, bare , occipital signature triangulffi^got well marked 
Eyes protruding, each with a sub-basal seta, ooular blotch not distmot, ocular band 
narrow, conspicuous 



T*xt na 10 Pamjunirmut penfj/a, ep nov 
a. Do real and ventral aspects of female , 6 Dorsal and ventral aspect* of male; 
o Male genital armature 

Prothorax narrow, quadrangular with slightly rounded lateral margin; lateral 
band yellowish brown, distmot, a single hair in posterior lateral angle, posterior 
margin oonvex marginally and concave in the middle, bare, inter-coxal plates 
well developed , sternal plate elongate, hexagonal, bare Meso- and metathoraces 
completely fused into pterothorax, trapezoidal, projecting laterally, posterior angles 
rounded with five long hairs, posterior margin convex with 3 submargmal hairs , 
marginal markings narrow, sternal plate bottle-shaped with two hairs in the centre, 
intercoxal plates deeply pigmented, sclerotic Legs short, concoloroua with the 
body, marginal markings slightly darker, annular markings at the distal end of 
femoral and tibial segments 

A bdomen elongate, slender, sides sub-parallel, tapering posteriorly to segments 
VI11-IX , segment I without and others with a single weak, hair in posterior angles, 

3 B 
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and 1 2 weak sub marginal hairs posterior margin with one submedian hair segment 
VIII with one latero marginal hair in the middle and one in the posterior angle 
Posterior margin with 2 such hairs segment IX broadly rounded with angular 
emargination one fine seta set in each posterior angle segments I VII with distinct 
narrow lateral marginal band bternum with pale broad rectangular transverse 
blotches on segments II-VIII segment IX uncoloured genital plate distinct on 
segment VIII with 3 4 peg like spines on each half 

Male (Text fig 106) similar to female but shorter abdominal segment VIII 
shorter and oonoave segment IX protruding rounded with fine posterior hairs 
genital armature (Text fig 10c) well developed short extending as far as segment 
VI parameres well developed narrow and run more or less parallel to each other 
median endomeral plate well developed with concave posterior margin 


Measurements (mm) 



Female 

(Holotype) 

h emale (7) 

Male (6) 

Body 

Head 

Prothorax 

Pterothorax 

Abdomen 

1 848 X 0 672 

0 461x0 36- 
0 121X0 231 

0 176 X 0 301 

1 100 X 0 672 

1 720 1 884x0 633-0010 

0 420-0 4b6 x 0 147 0 373 

0 120-0 126 x 0 231 0 242 

0 171-0 184 x< 280-0 347 

1 000 1 107 x 0 643-0 610 

1 431 1 617 x0 427-0 620 

0 400-0 444 x 0 293-0 374 

0 120-0 126 x 0 220-0 40 

0 140-0 181 x0 293-0 307 

0 780-0 866 x 0 427-0 620 


Holotype (female) and AUotype (male) from Lyallpur 16 m 1933 ex the Bengal 
Jungle Babbler ( Turdotdes t terncolor Hodgs ) 1 mounted togothor on slide 
No MI 057 Paratypes numerous females and males ex type host and the Common 
Babbler (Argya c caudata Dumont) shot in Lyallpur 

This small spooies of Piaget s (1880) group intermpto fusetatt is allied to 
DegeeneUa vulgatus (Kellogg) (New Mallophaga II 1896 p 496) and other s imilar 
forms 

42 Palnjunirmu8 vulgata (Kellogg) 

1890 Ntrmus vulgatus Kellogg Proa GaliJ Aca Set (2) VI p 496 pi 67 f 6 

Kellogg (1896) and Kellogg and Chapman (1899) recorded it from a lumber 
of Passeriformes in U S A Waterston (1914) recorded it from the Cape Sparrow 
(Passer melanurus) and the Red headed linch (Amadxna erythrocephala) from South 
Africa The present specimens referred to were obtained from the White throated 
Munia ( Uroloncha malabanca Linn ) shot in Lyallpur 11 v 1928 and tho Brown 
backed Indian Robin (SaxtcoUndes fultcata cambatensis I ath ) shot m Lyallpur 
5 ix 1939 

Measurements (mm ) 



Female (2) 

Body 

1 532-1 629x0 413-0 427 

Head 

0 444-0 466 X 0 266-0 280 

Thorax 

0 239-0 266 x 0 293-0 333 

Abdomen 

0 800-0 946 x 0 413-0 427 


Kellogg (1896) gave its measurement as 1 62 mm xO 41 mm 


See foot note 1 on page 33 



288 M ATKJUB BAHHAN .AN SABI. MALLOPHAGA (ISOHNOOKBA) 

43. Painjunirmus Iliad (Denny) 


1842. Nxrmua xltact, Denny, Anop Brtt , p 130, pi 9, f 4 
Denny (1842) described this species from the Rose-oolourecTStarling (Pastor 
roseus, Linn ) from England, and also from the Red Wing (Turdus %l\acus) Nu- 
merous speoimens of the Mallophaga referred to this species wore obtained from the 
Rosy Pastor (Pastor roseus, Linn ), 1932-1936, the Blackhead ed Mayna (Temenuchus 
pagodarum, Gmel , ll-v-1928, the Common Mayna (Acrtdotheres tnstxs trxslxs, Linn ), 
9-1V-1931, and the Bank Mayna (Acndotheres g\ng%ntanus, Lath ) 29-ui-1930, all 
shot m Lyallpur 

Measurements (mm ) 


Femalo 

Rosy Pastor 

Black headed 

Common 

Body 

1 813-1 840 x 0 386-8 400 

1 613x0 360 

2 346 x 0 466 

Head 

0414X0 280 

0 414x0 266 

0 427x0 320 

Thorax 

0 239-0 286 x 0 268-0 288 

0 250x0 266 

0 253x0 320 

Abdomen 

0 960 x 0 386-0 400 

0 940x0 360 

1 086x0 466 


Male 

Rosy Pastor 

Bank Mayna 

Common Mayna 

Body 

1 546x0 400 

1 479 x 0 347 

1 439x0 400 

Head 

0 400 x 0 280 

0 400 x 0 268 

0 373X0 280 

Thorax 

0 239 X0 293 | 

0 213x0 280 

0 253 X0 260 

Abdomen 

0 906 X 0 400 

0 866x0 347 

0 813 X 0 400 


Denny (1842) gave its length as l e 1 905 mm 


44. Palnjunlrmus cyclothorax (Nitzsch). 

1838 Ntrmus cydotlxorax, Nitzath, in Burmomter, Handbook der Enl., n, p 429 
This species was first described from the Tree Sparrow (Passer mmtanus, Linn ) 
from Europe and the House Sparrow (Passer domesUcue Linn ) and the Brambling 
(FrmgtUa mont\fr\ngiUa, Linn ) All the three birds also oocur within Indian 
limits My speoimens were obtained from the Indian Yellow-throated Sparrow 
(Oymnorts x xanlhocolhs, Burt ), 13-V1-1933, the Indian House sparrow (Passer 
domesttcus tndxcus Jard & Selby ), ll-iv-1931, and the Indian Pipit (Anthus nchard% 
rufulus Vieill ), 20-m-1928, all shot in Lyallpur 


Measurements (mm ) 



Female (3) 

Male (1) 

Body 

1 500-1 663 x 0 307-0 400 

1 364 x 0 330 

Head 

0 360-0 413 x 0 268-0 280 

0 364 x 0 247 

Thorax 

0 247-0 267 x 0 263-0 307 

0 200 x 0 263 

Abdomen 

0 893-1 000 x 0 307-0 400 

0800X0333 
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Denny (1842) gave the length as j'", ie 1 905 mm , while Piaget (1880) gave it 
as 4/7 , i e 1 45 mm 


45. Bruella ( = Degeeriella) varla (Nitzsch). 

1888 Ntrtnva vanua, Nitzmh, in Burmoistor, Handbook der Ent , II, p 480 

It is a familiar parasite of crows and has been reported from all over the world 
Kellogg and Pame (1914) recorded it from the Raven ( Corvus corax Linn) from 
Yarkand and Gilgit, the Eastom Rook (C frugilegus Linn ) from Gilgit and Herat, 
the Jackdaw (C monedvla Linn ) from Yarkand and Gilgit, and the Magpie (Pica 
rusttca Blanf ) from Gilgit and Ladak 

My specimens wore obtained from tho Punjab Raven (Corvus corax laurencei 
Hume), the Eastern Rook (Corvus frugilegus tschusn Hartert), 21 n-1929 and the 
Common Indian House Crow (Corvua 8 splendent Vieill ), 1928 1929, all from 
Lyallpur 

Measurements (mm ) 



Femalo (3) 

Male (3) 

Body 

1 092-1 933 X 0 000-0 000 

1 403-1 602 x 0 006-0 673 

Head 

0 403-0 060 x 0 440-0 493 

0 440-0 480 x 0 401-0 400 

Thorax 

0 300-0 360 x 0 406-0 637 

0 280-0 333 X 0 440-0 460 

Abdomen 

0 920-1 013 x 0 000-0 066 

0 093-0 893 x 0 006-0 673 


Piaget (1880) gavo the measurements of female and male as 1 5 mm x 0 54 mm 
and 1 3 mm X 0 52 mm respectively 


46 Bruelia ( = Degeeriella) munda (Nitzsch). 

I860 Ntrmua munJus, Nitzsch, in Global, Xtet f gea Nat , XXVIII, p 30B 

This species was descnbod from the European Golden Oriole (Onolus o onolus 
Linn ) which is a migrant into North-Western India in winter Soveral immature 
specimens of this speoies were obtained from tho Indian Golden Oriole (Onolus o 
kundoo Sykes), shot m Lyallpur, 5-vn-1928, and the Indian Bush Chat (Saxtccla 
torquaia \ndica Blyth), shot in Lyallpur, 5-vm-1939 Piaget’s specimens were 
4" , l e 1 27 mm long 


47 Bruella ( = Degeeriella) marginallis (Nitzsch) 

1988 Ntrmua marginalia, Nitzsch, in Burmoistor, Handbook der Ent , II, p 131, f 37 

It was described ex the Yield Flare (Arceuihomts pxlans Linn ) from Europe 
Kellogg and Pame (1914) reoorded it from Denirocitta r tufa, Lath , Dendrocitta 
sinensis htmalayensis Blyth , and U roctssa malanocephala occipitalis, Blyth , all 
from India. 

The present specimens were obtained from the Indian Rod- billed Blue Magpie 
(U roctssa erythrorhyncha occipitalis, Blyth ), shot in Lyallpur, 16-UC-1928, the Yellow- 
billed Magpie (Urooissa f flamrostris, Blyth), shot in Kulu, 5-iv-1939, and the Simla 
Streaked Laughing Thrush {Trochalopteron hneatum gnsescejUtor, Hart ), shot m Kulu, 
H-iv-1934 and 6-x-l?39, 
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Measurement* (mm ) 



Female (1) 

Male (1) 

Body 

1 648 x0 438 

1 126x0 422 

Head 

0 422x0 309 

0 380 x 0 398 

Thorax 

0 239x0 380 

0 211X0 309 

Abdomen 

0 887 x 0 436 

0 536 X 0 422 


Piaget (1880) gave the measurements of female and male as 1 3-1 36 mm X 
0 48 mm and 1 0-1 1 mm X 0 44 mm respectively 

48 Bruella ( = Degeeriella) myiophoneae (Clay) 

1936 Degeeriella myiophoneae. Clay, Proc Zool So o, London, p 911 

This species was described from the specimens taken off the Himalayan Whistling 
Thrush (Myophonus coerukus te.mmincku Vigors), shot in Kashmir I obtained 
only one mutilated specimon from the type-host in Kulu, 10-vi-lfi39 

49 Bruella ( = Degeeriella), sp 

Several immature specimens were collected from the Pied Chat (Oenanthe 
pxcata Blyth ), shot in Lyallpur, 9-xu-1930 


Tralhorlella, gen. nov 

This genus is proposed to accommodate the speoies described below from 
Megalaima mens marshallorum Swinh The species may be distinguished from 
other Degeeriella by the shape of its head, ptorothorax, pleural plates and male 
genitalia The description of the type speoies is given below 

Genotype — Traihorxdla punjabensis sp nov , vide \nfra, ex the Himalayan 
Great Barbet ( Megalaima vtrens marshallorum Swinh ) 

60 Tralhorlella punjabensis, sp nov 

Female (Text-fig 11a) yellowish white with pale yellow to golden yellow body 
markings 

Head more or less equilatero-triangular in shape , clypeal front shallow, concave, 
uncoloured, two lnoonspic^ius hairs on the anterior angle, one a short distanoe 
behind, clypeal band doep yellow, slightly brown anteriorly, clypeal suture entirely 
absent, clypeal signature mdistmot or absent, antennal band darker, short, not 
running beyond antennal fossa, trabeculae short, but well developed, antenna short, 
concolorous with the body, temporal lobes flatly rounded, not swollen, posterior 
angles with two long hairs, a short hair between the eye and the posterior angle 
and one such hair m the base of the eye, temporal bands narrow, not very conspi- 
cuous , oyeB small, not conspicuous , oocipital margin almost straight, bare , occipital 
band absent, occipital signature shield-shaped, yellowish, internal band well formed 

Prothorax rectangular with distinct pale yellow lateral border, re-entrant head 
showing through the occipital margin, sternum narrow, mterooxal plate well -formed, 
highly pigmented Meso- and metathorax fused to form pterothorax , pterothorax 
strongly projecting laterally, lateral borders distinct with squat re-entrant heads, 
latero-postenor angle rounded with two long hairS; posterior margin angulated 
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with 5 long hairs along the projecting latero- posterior margin, intercoxal blotoh well 
pigmented, sternal plates narrow Legs short with distinct outer bands. 



Tkxt no 1 1 Traihortdla punyahcnsw, up nov 
a Dorsal and ventral aspects of female, 6 Dorsal and vontral aspects of abdomen of male, 
e Male genital armature 

Abdomen narrow anteriorly, wider posteriorly to segment VI, tergal plates 
not distmot, pleural plates absent, marginal bands distinct with re entrant heads 
conspicuously showing through in the preceding segment, chaototaxy very scarce 
Venter with distinctly coloured median area, genital plate distinct on the VII seg. 
ment Last segment bilobed 

Male (Text-fig 116) mutilated, similar to female, shorter, the abdomen oval, 
last abdominal segment entire, rounded with small marginal hairs Genitalia as 
shown in text-fig lie „ 

Measurements (mm ) 



Female 

(Holotype) 

Female (2) 

Body 

1 839x0 613 

1 760-1 786 x 0 626 

Head 

0 480 x 0 466 

0 489 x 0 463-0 466 

Prothorax 

0 133 X 0 293 

0-093-0 120 X0 263-0 266 

Ptero thorax . 

0 186X0 453 

0 200-0 201 X0 400-0 420 

Abdomen 

1 046 x O’ 613 

1 000 X 0-626 
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Holoiype (female) mounted on slide No. MI 082 Allotype (male) preserved in 
alcohol Paratypes 2 females on slide and 3 females in spirit All from Kulu, 
lO-ix-1928, ex the Himalayan Great Barbet ( Megalatma viren^mm>thaUorum Swinh ) 

V LTPEURIDAE 

51 Cuclotogaster ( = Galllpeurus) heterographue (Nitasoh) 

1866 Lipeurus heterographua, Nitiaoh, in Giobel, Zeit f gee , Not , XXVIII, p 381 

This is a long known species of boo infosting domestic fowl ( Qattus g domesttcus 
Linn ) all over the world My speoimens were obtained from the Common Domestic 
Fowl ( GaUus g domesttcus Linn ), the Northern Chukor ( Aledons graeca paUescens, 
Hume), shot in Hoshiarpur, 14-VH-1928, and Kulu, 9-X-1939, and the Common Panah 
Kite (Mtlvus mtgrans govxnda Sykes) shot m Lyallpur, 21-V-1932 On the latter 
bird the parasite is probably a straggler and appears to have been transferred fron\ 
a Gallinaceous bird, probably chicken, on which it preyed prior to having been shot 


Measurements (mm ) 



Female (15) 

Male (6) 

Body 

1 058-2 146 X 0 666-0 693 

1 802-2 093x0 606-0 560 

Hoad 

0 606-0 628 x 6 400-0 618 

0 520-0 600 x 0 493 

Thorax 

0 266-0 333 x 0 400-0 493 

O3O0-O4OOXO44O-O 490 

Abdomen 

1066-1 200 x 0 666-0 693 

1066-1 093 X 0 600-0 660 


Piaget (1880) gave the measurements of female and male as I 85 mm x0 68 mm 
and 1 7-1 8 mm x 0 5 mm respectively 

62 Lipeurus pavo Clay. 

1938 Lipeurus pavo, Clay, Proe Zool Soc London (B), CVIII, p 128 

Clay’s (1938) speoimens were taken off the Common Poa Fowl (Pavo enstatvs 
Linn ) from Nepal and Yorkshire My speoimens were obtained from the type-host 
(Pavo ensiatus Linn ), shot m Hoshiarpur and Atari (near Lahore) 


Measurements (mm ) 



Female (3) 

Male (3) 

Body 

2 783-2 748x0 422-0 461 

2 381-2 409 x 0 338-0 869 

Head 

0 634-0 704 X 0 352-0-408 

0 603-0 606 X 0 296-0 309 

Thorax . 

0 408-0 422x0 324-0 381 

0 324-0 381x0 281-0 324 

Abdomen 

1 619-1 691X0 422-0 451 

1437-1 479 x 0 338-0 356 


53 Lipeurus caponis (Linn ). 

1768 Pedumtus caponte, Linnaeus, Syat Nat , p 614. 

This cosmopolitan species has been recognised under various varietal names 
according to the host and geographical area. These varieties are entirely baaed 
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upon size, intensity and presence or absence of body markings and slight variations 
fr °^e°d aX ^ t I f pre 1 fer ( j i0 retam spe 01 ^ 0 name only It has been recorded 

and Paine (1914) recorded it from India on Oennaeua melanotus, 0 smnhoe, ArguJa- 
nua argua, Phaaianua torqmta and Pavo ntgnpenms The specimens in my oolleotion 
were obtained from the Domestic Fowl (OaUua g domeatxcua Linn ) 

54 Lipeurus troplcalis Peters 
1831 Lipeurua tropuxilw, Peterli, Knt Newt, XLII, p 195, f 1,2 

Peters (1931) desonbed it from domestic fowls in Bahama Islands, Caicos Islands, 
Venezuela and Liberia Ho also recorded it from five species of wild guinea fowls 
in Afrioa Bedford (1932) recorded a male from domestic fowl in Onderstepoort 
(South Africa) My specimens were taken off the domestic fowl (Block Minorca) 
at Lyallpur, 9-H-1936, and were markedly longer than Peters’ specimens, especially 
the males. 

Measurements ( mm ) 



Female (1) 

Male (1) 

Body 

3 35X0 85 

3 44 X0 01 

Head 

0 80 x 0 53 

0 82x0 53 

Thorax 

0 55x0 50 

0 01x0 56 

Abdomen 

2 00x0 86 

2-01x0 61 


Peters (1931) gave tho measurements of female and malo as 3 264 mm x 
0 837 mm and 3 196 mm xO 637 mm respectively 

56 Lipeurua clnereus Nitzsoh 
1874 Lipeurua cinereua, Nitzscb, in Giebel, Ins Epiz , p 221 
This species was first obtained from Perdue colurmr My specimens were 
obtained from tho Common Grey Quail (Cotumix c cotumix, Linn ), shot in Ly allpur, 
28-1-1928, and differ from Piaget's figure in some important particulars, viz , the 
shape of the hoad, and the last abdominal segment of tho malo The shai>o of the 
head in this case resembles Lipeurua untcolor Piaget (Pedtculmes, p 354, pi 28, 
f. 6), while tho last abdominal segment in male is entire and furnished with four 
long hairs In other particulars the present examples agree well The species 
may be recognised by its pointed head with dark-brown bands, body with dark- 
black lateral bands on thorax and abdomen, and by its yellowish ground colour 
and yellowish brown transverse blotches 


Measurements (mm ) 



Female (4) 

Male (3) 

Body 

1 692-1 906x0 383-0 506 

1 478-1 665 x 0 283-0 333 

Head 

0 500-0 560 x 0 320-0 346 

0 466-0 506 x 0 266-0-293 

Thorax 

0 226-0 280X0 240-0 320 

0 226-0 260 xO 226-0 260 

Abdomen * 

, 0 933-1 006 x 0 333-0 506 

0 786-0 846 x 0 283-0 333 
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Piaget (1880) gave the measurements of female and male aa 1 8 mm xO 52 mm 
and 1 5 nun. X 0 31 mm respectively 

56 Llpeurue caponls var delta Piaget 

1880 lApturut capon tivar delta, Piaget, Lea Pedunthner, p 366, pi 29, f 6 

Piaget (1880) desoribed it from Francohn.ua capensts One male was obtained 
by me from the Indian Black Partridge ( Francolmus f astae Bonap ) shot in Lyallpur, 
12-xi-1633 It differs from delta Piaget vn minor details, suoh as the presence 
of a long hair behind the eyes, two long hairs on the temporal margin of the head, 
abdomen with two longitudinal submedian rows of hairs, each segment being fur- 
nished with four median hairs and one marginal hair It Btands midway between 
L caponu formosanus Sugimoto {Kept Dept Agrtc , Formosa, XLIII, 1926, p 53, 
pi 6, f 4, 6) and L trdroductus Kellogg ( Proc Calif Acad Sci , (2) VI, (1896), p 500, 
pi 68, f 1,6). 

Measurements (mm) 



Male 

Body 

1 646x0 400 

Head 

0 466 X 0 306 

Thorax 

O280X0 333 

Abdomen 

0 800 X 0 400 


Piaget (1880) gave the measurements of female as 1 75 mm X0 39 mm 


VI OONIODIDAE 
57 Gonlodes minor Piaget 
1880 Oomodet minor, Piaget, Let Pedtculmes, p 266, pi 21, f 3 

This parasite of doves and pigeons has been recorded from most parts of the 
world The following recorded hosts of it are also found within Indian limits 
Columba Itvia lima Gmel , the Burmese Spotted Dove (Streptopelui chinensis tignna, 
Tomm ) and Ring Dove (Streptopelui d decaocta, Frivalszky) My specimens were 
obtained from the Indian Spotted Dove (Streptopelui chinensis sura terms, Gmel ) 
and the Indian Ring Dove (Streptopelui d decaocta, Fnval ), both shot in Lyallpur, 
23-in-1929 and 14-v-1928 respectively 

Measurements (mm ) 



Female (3) 

Male (1) 

Body 

1 746-1 863 x 0 666-0 733 

1 392 x 0 606 

Head 

0 633 x 0 600-0 628 

0 426x0 493 

Thorax 

0 280-0 320 x 0 426-0 466 

0 240 x 0 860 

Abdomen 

0 933-1 000 X0 566-0 783 

0 726 x 0 606 


Piaget (1880) gave the measurements of female and male as 1 7 mm xO-73 mm. 
and 1*46 mm x0 65 mm respectively. 
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68 Goniodes pavonia (Lmn ) 

1788 Pedvyulue pavonxa Linnaeus Syst Nat p 013 

This is one of the best known Qonxodes and has been recorded from the Common 
Pea Fowl (Pavo crutatus) from all over the world Numerous specimens wore 
obtained by me from the C ommon Pea Fowl shot in Hoshiarpur 14 v 1928 Amritsar 
9 x 1935 and Attari (near Lahore) 9 vi 1935 


Measurements {mm ) 



Female (7) 

Male (4) 

Body 

3 506-3 799 x 1 600 2 100 

3 006 3 266 X 1 86 

Head 

0 840-0 933 X 1 200 1 240 1 

0 80 ) 0 806 x l 04-1 06 

Thorax 

0 866-0 933 X 0 800 1 026 1 

0 88 V-0 933 X 1 006 

Abdomen 

1 800 1 933 X 1 600-2 100 

1 333 1 .>33 X 1 86 


Piaget (1880) gave the measurements of female and male as 3 3 mm x 1 8 mm 
and 3 05 mm X 1 74 mm respectively 


59 Goniodes dissimills Nitzsch 
1818 Qonuxles dtsaimths N tzso.h Germ Mag III p 294 

This speoies has been recorded from all parts of the world on Oallus domesttcus 
0 Jurcatus 0 banktva It is evidently rare in the Punjab as only four females 
were taken by me off the Domestio Fowl (Black Minorca) at Gurdaspur 3 vn 1934 


Measurements (mm ) 



Female (1) 

Body 

2 69X161 

Head 

0 90x1 13 

Thorax 

0 01 xO 78 

Abd men 

1 18X1 61 


Piaget (1880) and Sugimoto (1929) gave th< measurement of female as 2 8 
mm X 1 30 mm and 2 8 mm x 0 86 mm respectively 

60 Goniodes breviantennatus Piaget 
1885 Goniodes bremantennatvs Piaget La Ptdicvhne* Suppl p 60 pi 6 f 8 

The type host of this species is the Chukor (Aledons graeca chulcor Grey) The 
specimens m my collection were obtained from the type host shot in Kulu and 
Hoshiarpur 12 vi 1938 and 14 vu 1928 respectively They agree well with Piaget s 
figure m general shape and scriptural markings on the abdomen but differ in three 
particulars, viz , the shape of the pterothorax thoracic hairs and size The ptero 
thorax in these examples is obtusely angulate on the abdomen with a series of long 
hairs on posterior margin, ’the dorsal surface of the abdomen is medially beset with 
hairs Piaget s figure does not show these details 
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Meaewremmta (mm ) 



Female (3) 



Male (1) 

Body 

2 366-2 483 X 1 088-1 126 

1 661x0 915 

Head 

0 718-0 803x0 843-1 000 

0 605x0 803 

Thorax 

0 338-0 437 X 0-704-0 705 

0-263 x 0 577 

Abdomen 

1 141-1 300x1098-1 126 

0 803 x 0 916 


Piaget (1886) gave the measurements of female and male aa 3 5 mm X 1 64 mm 
and 2 6 mm X 1 25 mm. respectively 


61 Goniodes asterocephalus (Nitzsoh) 

1874 Oomoeotes cuteroetphalu s, Nitzeoh, in Oiebel, Ins Eptz , p 182, pi 13, f 3 4 

This speoies was first described from specimens obtained from the Common 
Grey Quail (Cotumix c cotumix Linn ) Since then it has been recorded on the 
type-host from most parts of the Old World My specimens were obtained from the 
Common Indian Grey Quail (C c cotumxx Linn ), shot in Lyallpur, 14-vn-1927 

Measurements (mm ) 



Female (5) 

Male (1) 

Body 

2 364-2 563 x 0 691-0 845 

2 061x0 605 

Hoad 

0 591-0 834 x 0 608-0 605 

0 636 x 0 501 

Thorax 

0 338-0 381X0 437-0 490 

0 290 x 0 486 

Abdomen 

1 426-1 549x0 591-0 845 

1 126x0 605 


Piaget (1880) gave the measurements of female as 2 9 mm XO 8 mm , while 
Tasohenborg (1882) gave it as 3 06 mm Xl08 mm His male was 2 21 mm x 
0 76 mm 


62 Paragoniocotes, spp 

I obtained one immature specimen from the Indian Bose-ringed Paroquet 
(Psittacula kramen manttterme, Beohst.), 2-U-1928, and one immature specimen 
from the Egyptian White -breasted King-fisher (Halcyon s emymensu, Linn ), 17-u- 
1928, both shot in Lyallpur 


63 Goniocotes bidentatus (Scopoli). 

1763. Pedtoulut bidmlalut, Scopoli, 1 Snt earn , p 385 

This familiar species, has been recorded from America, Europe, Africa and 
Asia on various pigeons and doves Several immature specimens were obtained 
from the Indian Blue Rock Pigeon (Columba Una intermedia Stock) and the Indian 
Ring Dove (Streptopeha d. decaocta, Frival ), both shot in Lyallpur, 22-ui-1929 and 
lO-u-1036 respectively 
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Female 

(immature) 


Body 

Head 

Thorax 


1 225x0 461 
0 338x0 366 
0 100x0 195 
0 718x0415 


Piaget (1880), Kellogg (1896) and Sugimoto (1929) gave the measurements of 
female as 1 4 mm x0 66 mm , 1 06 mm xO 48 mm and 1 3-1 6 mm x0 66 mm 
respectively 

64 Goniocotes rectangulatus Nitzsoh 
1818 Uontooolcs rectangulatus, Nitzecft, Ocrm Mag , III, p 204 
This species was first recorded from Pavo crxstatus, Pavo apxcxferus and Numxda 
meleagxes My speoimens were taken off the Common Pea Fowl (Pavo crxetatu a 
Linn ), shot in Hoshiarpur, 14-V-1928 


Measurements (mm ) 



Female (3) 

Body 

1084-1 168x0 465-0 493 

Head 

0 324-0 394 x 0 408-0 436 

Thorax 

0 197-0 211x0 324-0 366 

Abdomen 

0 583 x 0 466-0 493 


Piaget (1880) gave the measurements of female and male as 1 06 mm x 0 62 mm 
and 0 8 mm x 0 46 mm respectively 

65 Goniocotes hologaster Nitzsoh 

1818 (lontocotes hoiogaaler, Nitzaeh, Germ Mag, HI, p 294 

This familiar speoies has been recorded, from practically all over the world, 
on the fowls ( OaUus domestxcus Linn and others) Piaget (1880) also recorded it 
from OaUus banktva Tern , Ortyx vxrgxnxanus and Euplocamua cuvxerx Bedford 
(1932) recorded it from the Bush Partridge (Dendroperdxx (= Francoltnus) sephaena), 
Numxda paptllus transvaalensxs and Ptemxstxs costanexventer krebsx, all from Africa 
Numerous specimens were taken by me from the type-host (OaUus g domestxcus 
T.inn ) 

Measurements (mm) 



Female (6) 

Male (4) 

Body 

1-228-1 838 x 0 503-0 704 

0 815-0 886 x 0 422-0 450 

Head 

0 352-0-894 x 0 422-0-46*. 

0 266-0-309 x 0 309-0 352 

Thorax 

0 226-0 282 x 0 352-0 380 

0 141-0 183 x 0 268-6 297 

Abdomen 

<1636-0 704 x0 583-0 704 

0 366-0 408 x 0 422-0 450 
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Piaget (1880), Mjdberg (1910) and Sugimoto (1929) gave the measurements of 
female as 1 3 mm xO 66 mm , 1 3376 mm xO 626 mm and 1 3-1 6 mm x0 66- 
0 88 mm respectively, while male of Piaget (1880) and Sugimot ^ was 0 8-0 9 
mm XO 6 mm only 


66 Gonlocotes ( ? Goniodes) gigas Taschenberg 

1869 OonuxxUs gtgai, Taschenberg, Ze\t f get Nat , LII, p 104, pi l,f 10 

It has been recorded from all over the world from the Domestic Fowl (OaUus 
domesttcus Linn ) Bedford (1932) took it from Numtda coronata, N paptUus and 
N p transvaalensts My specimens were collected from the Domeetic Fowl (Oailus 
g domestxcus Linn ) 

Measurements (mm) 



Female (8) 

Male (6) 

Body 

2 960-4 016x1 370-1 840 

2 676-3 280x1 366-1 600 

Head 

0 846-1000x1000-1 200 

0 846-0 010x0 873-1 100 

Thorax 

0 836-0 660 X 0 732-0 970 

0 664-0 680 X 0 774-0 910 

Abdomen 

l 470-2 366x1 370-1 840 

1 $87-1 790 X 1 366-1 600 


Piaget (1880) and Taschenberg (1882) gave the measurements of female as 3 3 
mm x 1 6 mm and 4 06 mm x 2 07 mm , while of male as 2 9 mm x 1 6 mm and 
3 33 mm X 1 96 mm respectively, 

67 GonlocoteB alatus Piaget 
1886 Qoniocotes alatus, Fiaget, Lea Pedxculxnea, Suppl , p 45, pi 6, f 4 

Piaget (1886) obtained it from the Chukor (Perdtx (= Coccobxa) chulcor ) I 
collected one female from the Northern Chukor (Alectona graeca pdUescens, Hume), 
shot in Hoshiarpur, 9- x- 1939 

Measurements (mm ) 



Female 

Body 

1-084 x 0 493 

Head 

0 324 x 0 422 

Thorax 

0 243 x 0 362 

Abdomen 

0 617 x 0 493 


Piaget (1886) gave the measurements of female as 1 5 mm x 0 63 mm 
68. Gonlocotes Jlruftl , 1 sp nov 

Female (Text-fig 1 2a) small, head subpentagonal, prothorax narrow; ptero- 
thorax acutely angulate posteriorly, medianly overlapping the first abdominal 
segment; abdomen similar to Qontocotes hologasttr with simple markings 


1 ‘Jirufti’ in vernacular means the Indian Black Partridge. 




nrrasTiNG birds ts thb Punjab (indu) 


Head somewhat hexagonal, usually longer than broad, sometimes shghtly 
wider than long, front broad, convex, with ten short hairs distributed as m 0 
hologaster, clypeal band deep yellow, narrow, ending posteriorly into a big antennal 
blotch, trabeculae small, blunt and immovable, antennae normal, eyes not pro- 
truding, flatly rounded, bearing small hair at the base, ocular blotoh deep yellow, 
temporal margin straight with a small hair and two long hairs at the pointed anterior 
angle, marginal band narrow, not very distinct but near the eye , posterior margin 
oonoave in the middle with obtuse angles at each end of concavity, bare , occipital 
band sinuous, dark yellow to brown 



Text iio 12 Gontocotes jtnrfti, sp nov 

« Dorsal and ventral aspects of female, b Dorsal and ventral aspects of thorax and abdomen 
of male, c Antenna of male, d Male genital armature 

Prothorax narrow, short, trapezoidal, with anteriorly converging lateral 
margins, posterior ancle shghtly produoed, acute, bearing a long hair, posterior 
margin straight, slightly concave in the middle, bare, meso- and metathorax fused, 
pterothorax with blunt lateral angles, bearing 2 long hairs, posterior margin aoutely 
ungulate on the first abdominal segment, bare, except two long hairs near the lateral 
angles. 
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Abdomen broadly elliptical, segments subequal, marginal band indistinct, 
mtersegmental bands at the pleural re-entrant heads, deep yellow, narrow, trans- 
versal bands absent, sternal blotches absent, chaetotaxy soar ^ggment IT- VIII 
with 1-3 long, finely pointed hairs on the slightly projecting angles, segments IU-V 
with one snbmargmal hair at the curved lateral band, dorsum bare, ventrum with 
marginal hairs on segments II-VIII, last segment angularly emarginate with short 
hairs 

Male (Text-fig 126) similar to female , abdomen rather rounded, last segment 
truncate and globular, posterior margin with tuft of hairs Gemtal armature 
(Text fig 12 d) distinct, with narrow feebly chitinised basal plate , parameres short, 
median endomeral plate slightly broad, ooncavo posteriorly, penis elongated, 
enclosed in a tube with an aperture at its tip 


Measurements (mm ) 



Female 

(Holotype) 

Female (3) 

Male (3) 

Body 

Head 

Pro thorax 

Ptcrothorax 

Abdomen 

1 108x0 493 

0 350 x 0 333 

0 055 y 0 200 

0 103 x 0 260 

0 600 X 0 403 

0 099-1106x0 460-0 403 

0 348-0 360 xO 333-0 388 

0 040-0 066 x 0 160-0 200 

0 080-0 120 X 0 246-0 280 

6 633-0 668 y 0 466-0 493 j 

0 666-0 679 x 0 320-0 360 

0 253-0 288 x 0 280-0 293 

0 040 X 0 120-0 143 

0 080-0 093 x 0 213 

0 293-0 306 x 0 320-0 360 


Holotype (female) and Allotype (male) from Lyallpur, 14-viu-1928, ex the Indian 
Black Partridge (Fravcoltnus francohnus astae Bonap ) both mounted together 
on slide No MI 157 Paratypes 3 females and 2 males in spirit (same data as above) 

SUMMARY 

An account of sixty five species of Iscbnoceron MaUophaga, belonging to thirty two genera, 
is given This includes the description and figures of tlireo new genera, viz , Pxcophxlopterue, 
Patnjunxrmua and TraxhorxeUa and twelve new species, viz , Ardexcola gaibagla from the Cattle 
Egret (Bubulcus x Ins cnromand.ua Bodd ), Aegypoaaus gryfioneae from the Himalayan Griffon 
Vulture (Gyps hxmalayenaxa Hume), Echxnophxlopterxu t ota from the Rose ringed Paroquet 
( PsUtacula burner x manxlle nsxs Bechst ), Pxeophxlopterua tuktola from the Himalayan Scaly- 
belhed Woodpecker (Purus s squamatus Vigors), Penenxrmus rajs from the Indian Yellow- 
throated Sparrow (Gymnona x xanthocollxs, Burt ), Pexttaconxrmus chandaban s from the Large 
Parrot (PsUtacula eupatrxa nepalenaxs Hodge ), Patttacon\rmua lybartota from the Indian Rose- 
ringed Paroquet (PaiUacula kramerx manxUensxs Bechst ), Quadracepa ktkra from the Gullbilled 
Tern (Oelochdxdon n nxletxca Gmel ), Syrrhaptoeoua emabuaaxm from the Indian Sand Grouse 
(Ptcrocles exuatus trlangerx Neum ), Paxnjunxrmus pangya from the Bengal Jungle Babbler 
(Turdoxdea t lerrxcblor Hodgs ), TraxhorxeUa punjabcnsxs from the Himalayan Great Barbet 
(Megalaxma vxrena marshall ©rum Swinh ) and Qonxocotea jxruftx from the Indian Black Partridge 
{Francohnus ( asxae Bonap ) About fifty species have been recorded for the first time from the 
Punjab A few of the recorded species differ from the description and figures of previous works 
in certain morphological details and size and seem well differentiated to warrant their being 
treated as varieties, but as typo specimens were not available, no attempt has been made to alter 
their existing status 
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ON SOME NEW KERNELS AND FUNCTIONS SELF-RECIPROCAL IN 
THE HANKEL TRANSFORM 

i}R P Aqabwal, Lecturer %n Mathematics, Lucknow University, Lucknow 
(Communicated by Prof D S Kothan, M Sc , Ph D ) 

( Received, September 20, read November 23, 1946 ) 


§1 Introduction 

Adopting the usual notation of Hardy and Titohmarsh a function /(a*) is said 
to be Rv if it is self-reciprocal in the Hankel Transform of order v, i o , 


Starting with an Rv funotion a number of theorems have been given from time 
to time for finding another Rv 1 um tion with the help of some kernel or other 

The object of this paper is to discover some new kernels by using Hardy’s 
formula (1035) 


?(*) = J* Pi(y) Pi(*y) dy 


where P^x) and P 2 (x) are two Founer kernels 

The mam results are stated in the form of three theorems The importance 
of these theorems lies in the fact that they are useful in identifying the nature of 
the resultant of two kernels, as transformmg a self-reciprocal function of a known 
order to another of a different order 

The theorems have been discussed m §2— §4 Only the proof of Theorem (1) is 
given in detail The other two theorems can be proved similarly 

Finally, in §6— §7, I have used the kernels of §§2-4 to investigate oertain new 
self-reciprocal functions 

§2 Theorem 1 . 

The resultant, 


f Pi(y) P*(*y) dy, 
J 0 


of two kernels of the form (Titchmarsh, 1937) 


.«+<« 

3= j ^ r (i + i + i) r (3 + 2-2> w ‘-' i ' (21) 

p,w-±| 2T (i+i+l) r (i + H)” w *‘ ,J ' • (22) 
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where, 0<c<l, 0<c'<l 

and *(*) ■= <*>(*) = uj(\-s) 

is a kernel transforming Rp to Rp and vice versa 

In order to prove this consider the two kernels (2 1) and (2 2) 

The resultant is, 

“ S5 j o ^ __ 2 * r (j + l + 5) r (i + i + 3)" ( ' ,) * '» '* 

- 2^ J ^ 2 ^(i+g+5)^0+i+|)‘" ( *>'- rf * < 23 > 

provulod the change in the order of integration is permissible 

Now, applying Mellin’s Inversion formula to (2 1) and changing s to (1 —s) in 
it, we get 


Therefore, from (2 3) 



X(1 -s)x-‘dt 

«e'+i® 

-L (24) 

where 

m - c(l+r+|)r(|+i-|)«.wx('-*) 

Smce, i/i(s ) = 0(1— s) we have that K(x) is a kernel transfomnng Rp to Rp and vice 
versa 

It only remains to justify the change in the order of integration in (2 3) 
Putting e ■* c+»< and applying the formula, 



to the integral (2 3) we see that it is less than 

(*) [ e ' 1*1 * \w(c+u)\dt J \P x (y)\y' c dy 


Sinoe, 


<o(c+it) ** 0(e 
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w© have that th© <-integral is uniformly convergent Also, the y- integral converges 
uniformly smce Pi(y) belongs to the class of analytic functions A (go, «) Also 
since, (2 4) exists, the change in the order of integration is justified. 

Example — To illustrate the above theorem, let us take, 


Then (2 1) gives 



0£ **(-> 


PM- 


M+* 1 . . ’ 


(1+**) 2 

a known kernel transfornnng Rp to R* (Baily, 1931). 
Again, puttmg 


r (2“l + i) r (2 + 2' + i) 


0< Rl(e) +/r+i< /x+^ 

and vmp+2 

we have from (2 2), 

PM = x - V m+ i(j;), 

a known kernel transforming R^ to Bp * 2 and vice versa (Varma, 1939) 
The resultant kernel is given by, 


ytKTp+xixy) 

K[x) - *-* e±» 

J 0 (!+»*) 8 




i /’(#»+*) 


^+0- 


!*«(» 


f*+l, 




^+ijYezi -) / a 

. V 2 / r, ( /t+v , , fi+r , 0 v— p ^ ) 

V.r[^ +2 ) , '^ r+ '^ + ' 8 + ’ l} 


y&lid for . 1 , 1, BI^.+2,.+;g^>0 

Our theorem at onoe* gives that K(x) is a kernel transforming R> to Rp+t 

and vice versa, 
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JS. Theorem 2. 


*(*)-/ P i(xy) P t (y) dy 


of two kernels of the form, 

p,w " i = C *ii + i + 'Mi + z + *)«' ) *'‘ i ' 

and f 

+^ao . . 

J s, '\3+S+*Ma+s+l)- w -"* • 

where, 0<c<l, 0<e'<l, 

w(«) « a>(l— a), *(a) =■ x(l-«) 

ts a kernel transforming R v to R^ 

In order to illustrate the above theorem, let us take m (3 1), 

J?/ ( — v— |) •< Rl(e) < Rl(fi ) + 1 

and replace /x by (jx+2) , we get 

^+*ro*+i)rfc*) ( 

*»W- fi + r - T-— x^U+i. V +I ^ +2 ’ 

2M+2r(^+n^0*+2) v 


Ye+s+i.e+fLrt-ai+i. 


a kernel transforming l! r to Jl M+2 and wee versa Again taking, 
£+» 3 

«.(a) - 2 2 2 in (3.2), 2K(e)+± > BH-rf 


2 2 * h ,-,o(*). 

a known kernel transforming By, to M, and woe versa. 
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The resultant kernel is given by 

rrw^v^ 


_-^-_) 1 4 + , , v+ , (l+2 ,_i) 

— — i=i! +I -V)l 

r(^+2) A 2 2 + S +1 -4j J* 


( t + v i 2 -M +1 

*1 2 +1 ’-T _+2 >“r+l 


s *0.+r+l) JC j ( ,_ M)(y) 


integral, 



| t“- l K v (t) di : 

we get the 

new kernel, 

K( r \ _ 

ooeeo * 

2- 

2 



— 4 t?+ ^ +I , -)j 


> - 1 , Rl(p +v+2) >0, | x I < 1 , vj± tx 
Our theorem gives that K(x) is a kernel transforming Ji^ _|_g to 
The term by term integration is valid since 

(i) if g is an integral function and hence is uniformly convergent in any arbi- 
trary interval ( 0 , A) of x 

(u) Kv(x) = 0(*-*e - *) for | * | large, 

(ui) The integrated senes of gf 2 functions is uniformly convergent for | x | < 1 
§4. Theorem 3. 


* I shall henceforth use the abbreviated notation pf f (a t Op ,6, b f j ») to denote 

v*. V*> 
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of two kernels of the form, 

and, 

h { *'/0+5+i) r (!+l'-|)* w ^' i ' 

where, 

0<c<l, 0<c'<l, 

«W - ‘**(1-*). x(*) = x(i-«) 

w a kernel transforming R ',?• to Rp 

To illustrate the above theorem, let us put in (4 1) and (4 2) 


<»{*) = x(«) = 


and 

then we have, 


r ( , + e f) 




*»+i 


(4.1) 


a known kernel transforming to Rv 
The resultant kernel is given by 


£(z) = xf i +i 


yVH<fr 


[(i+y*)(l+*V)] 


r( S 


f . 

2~ +l ) Jo (!+»■) 2 


Changing the order of integration and integrating, we get 


J_/( !i ? +1+ ' H +1 +.)n-..r(^-.)^ 

coseo n[ v --— )f/ s 


*+*n 


valid far Rl(v)>—1, M[v-(i+ 1)>0, 
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Our theorem at once gives that K(x) is a kernel transforming Rv into itself 
The ohange m the order of integration is permitted smoe the y and the s- 
mtegrals converge uniformly for Rl(v—n+l)>Q and | a? J < 1 respectively and also 
since the integral (4 3) exists 


§6 Let us take the Rp + 2 m function. 


2 m+p-1 -ix* 


p being an even Integer or zero and p+2m> — 1 
Putting p ™ v— 2m, we get the ft, function 


(Varma, 1938) (6 1) 


-*«-**• W 


m 


Applying the kernel of §2 to this ft, function we get the flp+2 function, 

*(?) rw ** .( “ +i ' 




( 11+1 • V\ 
Vv+c **+ 2 ' 4 / 


JMllJ 4 ^ +1 ' 

'(?) ( *+> x (f) r(,+l+») 


J y v-m-\ e -iy*W 3 , t (i**) 


\ p- J + 2 n?o n \r(tLJ: + i +n y {(l+ 2+n) 


X (J y l )dy 

Jo -5-4i- 

-J$L y (|Hx^ 

2’ ! ' ... r(e±-’+2+»)r( v -=e+i+»)»i 


X j 


2K - m e-^W s x t (J y*)dy 


rtianglng the variable and applying Goldstein's result 

[ 4 -'t v W„ „<»> i* - 
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for Rl{l±m+l) >0, wo get 



where Rl(^—^— m+l^>0, 


Rl(v+l)>Q, iy(v+l-w)>0 

and (v— 2m) is an even integer or zero, and 2m an integer or zero 
The term by term integration is valid, since, 

(l) 1^2 (u , 6, c , a:) is an integral function and hence is uniformly conver- 
gent in any arbitrary interval ( O , A) of x 
(n) Wk « (x) ~ for 1 a? | large 

(m) The integrated Henes of 3/3 functions is uniformly convergent 
Alternatively, applying the same kernel to the A +2 function (51), we get 
the R v function, 



y)-+* tt\ } 

it 




Integrating as before, we get, 


2r (^ +1 ) Ug, '?) 

valid for, J*f( M +2)>0, Rl(p+2-m) >0 

Rl(^+2^>0, *l^+2-m)>0 

and (fi+2~2m) is an even integer or zero and v^jt. 
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The process of term by term integration is valid as before 
$ 6. Applying the kernel of § 3 to the -8^+2 function (Baily, 1930 ), 
a yi+i e -f* t 1 F 1 ^_2n , |+2 -n, 


where n is a positive integer, we get the R t t function 


’ oo ’ ao '(V ! ) 


,Do...,(iy) [ 

2 >- 4 -' r (!!±r + i)l 


/ft+l ># i+l,t^- + l , 


r<^. -)| 

X( ! r3/y-+^-** V 1 F 1 (-2n, |+2 -n,\ x^dx 
[ a >+V***’V 1 (-2», 2 +|-n, \x*y*)dx 


r r(£p+i+a){r(r+i+s)}*r(-s) 

X L ~rz \ { ~ xiyds 

J _<» r(/*+2+«)r^^2 — M+*J 

f ^ + ' +, «' |I, Vi(-2», 2+^-n, 1*V)& 

* o 

X J-,. r(^+2+.)r(^+i+.) J 

Changing the order of integration and integrating term by term wo got 

w ooaeo Tj j* { -T’(f *+ 1 ^ + 1 — »)<—)* 

IW ~^-%(li+.’ +l f H r,^+2+«r( e =-'+ 1+.) 

x ^ r(~2n+m)(y»/2)« C fa 

— 0 mir^2+|-n+m) J 0 
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1 r { r (*r r + i +•) r - r ('+ i +*) r < -*)(-)■ 

"“•L r(e£ + 2+»)r(’-=*+i+.) 

X ^T r(-2n+m)(y«/2)« f ^t"^*'** e ~W dx ~\ 

& m! r(2+|-»+m) J 0 J 

* 00600 

z s -*rr(* f v +i) 

f 2 ' 1 + 1 y 1 p {Ai‘+l+«} gj ’( <i f^+ 1 + tf ) r (-«)(-) , (||) ^ 

( 2,rt J r(£f+i+»y^+2+i) 

Xs^i^-2», /*+2+«, 2 +£-», l) 

2 ^ + y>-* r Hir+ 1 + *) }V(, +H . 6 )r(- 6 )(-)» (iy ^ 

^ J-ta r(ff±- v +2+*)r(^+i+o) 

X*F 1 (-2», ^+2+ J( 2+|-», l) | .. (81) 


« 00600 ff (y)r( 2 +|-n 


2 1 ” 2 r(e±- v +i)r(2+e+n) 

C 1 . /m+ 1 , m+ 1. ^+1, i+£+»; 2 \ 

T" 11 * ‘ / *( e r : +i, »>+ 2 . i+f-*= *v 

- 2 » V W ?+ , 1+H . • 


The integral boing convergent for 

JK( M +v+4)>0, 
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Slfi 

The ohange m the order of integration a valid, srnoe, 

(i) J |a^+»+** « ***»* ,^(-211 , 2+| -» , | rf * 

la convergent for Rl(ft) > — 2 and J Rl(fi) + 1 — »< 0 

{r(/*+i+ a )}*r^+i+«)r(-a) 

r(^+ i + a )r( # i+2+a ) 

a uniformly convergent for ) * | < 1 
(ill) The repeated integrals exist 
Similar reasoning holds for the other integral 
The term by term integration a valid since 
(l) is an integral function and hence is uniformly convergent in any 
arbitrary interval (0, A) of x 
(u) The integrated function reduces to 2^1 (a, b , e, 1) 

§7 Lastly, applying the kemel of §4. to the known R v function 



(-**)> da 


* '«-**• 7 r t (lx*), 


we get the R y function, 



X(*y) rS s ** V J r JWMV (7 1) 


Using the formula, 

1>+1) «- 7, (*) - (s/2)” (H-* , 2v+l , —2 x) 

and substituting the integral (4 3) for the */i funotions in (7 1), we get 
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2' + '{r(^+i)}'r(5 + s) 

J -to 


K-4v)* 


r( M +n-4)r(- a )r(^-*jy»** .. (72) 


Changing the order of integration, we get 


x SiJ ( ^ e ?+>+-)r(M+i+.)r,-.)r(iJi!-.)j, 

x [ / *'*“** ,*1(5+5, l+j, -fV)^ 


J 0 

[«(/S)>i?l(a)>0] 

we get, on substitution, 



'Again, changing the order in integration of the y and t integrals ainoe both are 
uniformly and absolutely conpergent, and integrating the (/-integral, we get, 
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x 2^1** 2 *^(^+ 1 +»)/’( / x+ 1 +s)n 
xj r (g+^+*+|) * ( 3+f,+2, + 3 ) t 5'i (1 _<)*"?"* ’* 

'^+7^ 2^j ^K^ +I+fl ) rf ^ +,+a) K« + 2 +,+ i) r( “ a> 


Changing < to (— «) and evaluating the residues at poles of the integrand which he 
on the positive half of the real axis, we get 



9 
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which u the required R y function valid for fy(v)>— 1 and Rl(p)>— 1 and 
«(»+8/t+4)>0 and Rl{v- 8^+1) >0 

The ohange in the order of integration in (7 2) is permissible, smoe, 

« [r(^+l+e)r( #1 +l+3)r(-s)/’(^-a)y*‘|de 

exist* for 0 < y < A 

J 0 

also exists for Rl(3/i+v+4)>0 and Rl(v— 3fi+l)>0 
(m) The integral (7 2) exists for Rl(v )>— 1 and Rl(3fi+t>+4)>0 
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ON THE STRONG SUMMABILITY OP A FOURIER SERIES AND ITS 
CONJUGATE SERIES 

By U N Singh, Allahabad 

(Communicated by Dr B N Prasad ) 

(Received October 10 , read October 18, 1946 ) 

1 Let the Fourier senes corresponding to a function f(x), penodic and 
mtegrable ( L } with period 2w, bo 

(11) j ftp 4- ^ (an cos nx.+b, sin nx) 

The conjugate sones of (1 1) is 

00 

(1 2) ^ (&• coa *x—a n sin nx) 

We denote by S 9 (x) and S 9 (x) the partial sums of the senes (11) and (1 2) res 
peo lively Let 

iWO ootjtdt. 


0(0 = 0«. *) = i {/(*+<)-/(*-<) }> 

and put 

(1 3) /(*) = hm /.(*), 


whenever the latter exists 
A senes 


Oo+ai+aj+ 


with partial sum A,, is said to be strongly eummable with index 2 to s, or summable 
H % , if there exists a finite s such that 


2 (A — »)* « o(»). 

> -o 

The strong summabflity of a Fourier sene* and of its conjugate senes has been 
discussed of late by a number of writers like Hardy and Littlewood (1913 , 1926 , 
1980 ), Fej^r (1938), Carleman (1923), Sutton (1925), 8sAsz (1940), Marcinkiewioa 
(1939), Wang (1944, 1940), Wang (1945) has recently obtained a general condition 
lor (he summabflity H t of Fourier series. The object of this paper is to obtain 
m analogous remit for the conjugate Fourier aenee We prove the following 
theorem: 
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■■({-V) 


for some a > $, then the conjugate sertes (12) is summable H% to the sum f(x) pro- 
vided that the limit (1 3) exists 

My thanks are due to Dr B N Prasad for his kind interest and advioe 
in the preparation of this paper 

2 We shall require the following lemma in order to prove the above 
theorem 6 


| ip(u) | du — o(<), as i-> 0, 


2 

Proof 

It is known that 


Srfa) — - I i//(t) cot J<(1 —oos vt) dt+o(\). 


or Bv(x)=- i/i(t) cot J<(1 — oos vt) + - </i(t) cot Ji(l— cos vt)dt+o(\) 


= l\ ^ > ( 28in2 ?) <fl+ i| ^(0^tlt(l-coeW)d<+o(l) 
1 1 

| l | (2 sin* v £jdi | £ * | F I W) I dt - foQ - 0 ( 1 ), 


(§v(x)— f n ) = <l>(t) cot cos vt di+o(l) 


where 8 is small, bat fixed. 
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^ (<9 r (*)— /•)* “ ~ a | | ^ | ^ cob vt cos vwj eft dw+o(n) 

= ^ | | | ^ (cos ,(«+*) +cos v(tt-t))| dt du+o{n) 

•*> 


LMJ ,u [ LMJ du = o{(io g »)*} =o 


For, putting 'f'(i) = j* | ^r(w) | and integrating by parts, we have 

- 0 ( 1 )+ 

= 0(l)+o(log n) 

= o(log n) 

Hence we obtain from (2 2) 

| (S.(*>-/.)*- i J*«9* |*«S.!!^=S*. 

(23 , + ij’ffi J! j J ®.sa^±S, 1 . + „ w 

S= /;+/|+o(») 



V. N. SDtOH : OH THH 8TBOHO n mnunTT.rr Y 


Now 

u(i*— <) { L«-t uj 

and 

fVw u f , 'X«) »in »(»—<) f* m d » f* fW Hitt »<«— t) 

J, ' J, “ *-* J, “ J, ' — < 


«/ J= 2 f^>dJ*^ 81n da 


” J! ^ J X “ U ~ * 



[* ^ Ji f* ^ 8m TO < M-< ) du 
t J » M — t 

1 ^ 

_ 2 »(»-<) 2 


* 2 J J < J, « «“* **. 

) t » j j * *-* 


tyiu 



Honco 


(24, A-^*/*)*^*^ Uj?J *[ 

Now integrating by parts, we get 


j’ LMUj" IMJ 


5 « S 

” - 


| ^ +0(1 ) +o(log nt) J* 
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Thus from (2 4) we get 


! r>| i f d ‘j 


” ^ J ir * | ”(«+<) J «-Ji | tr 1 '" 

\ i i l 

Hence 

(2.6) /..«>{ 


Thus Lemma 1 follows from (2 5) and (2.0 
3 Proof of Theorem A. 

From Lemma 1, we havo 


(31) 2<S,M-/.)> = ^ j | “I .in »(**— f)iu+o(») 

f <M.)=^)i. = o|,j'|«.)|J»] 


Now 
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But 

f* 1 M I it f y(f > T | r m it a f 8 - dt 

VH )“ LWTX W)‘ W) wl 


= 0(1)+0| 


(WrMUJr) 


(3 3) -0(1) 

The theorem follows from (3 1), (3 2) and (3 3) 


4 It will bo observed that Wang’s theorem (foe cti) about Fourier senes 
referred to above, may be put in a different form also It is 
Theorem B If for some /S > J, 



where <t>(t) = <f>(x, t) = l{f(x+t)+f(x—t)—2s}< 

then the Fourier series (1 1) is summable H t to the sum s 
It can easily be seen that (4 1 ) implies 


(4 2) 


| f>{u) | du—ol — t -pri\ 1 

J « \(*t) ) 


for | < « < ft 

Hence the theorem mil hold in view of Wang’s condition 

5, The corresponding form of the theorem for the oon]ugate senes is 

Theorem B'. If for some /S > J, 


(5.1) 



then the conjugate senes (1.2) is svmthable Hi to the sumj(x), provided that tike limit 
( 1 3) exists 

The proof of this theorem is similar to that of Theorem B. 
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STUDIES IN THE ASSOCIATION OF PLANT CHARACTERS AND 
PEST INCIDENCE. 

I Nature of leaf subface and mith attack in sugarcane 

By K L Kuan n a and K R Ramnathan, Central Sugarcane Research 
Station, Paso, (Bihar) 

(Communicated by Dr H S Pruthi, O B E , M So , Ph D , Sc D (Cantab ) ) 
(Received February 11, read Apnl 4, 1947 ) 

I Introduction 

Till reoently, attack of mites on sugarcane had not received much attention, 
evidently due to its minor importance as a plant pest It has been reoorded on 
sugarcane from various parte of the world (Wolcott, 1921, Swezy, 1923, Williams, 
1931, Holloway, 1930) including places within India*, viz , Coimbatore (Cherian. 
1934), Punjab (Rahman and Sapra, 1940) and Sind (Haroon Khan and Bhatia, 
1940) In all these places, it has been found attacking sugaroane, generally during 
the drior part of the season, viz , Apnl to June and disappearing with the onset 
of monsoon rams So far it has not been reoorded from Bihar or Eastern India 

Though not considered as a serious pest, tho attack of mites considerably reduoes 
the offectivo functioning area of the leaf surface by the innumerable webs built on 
the lower surface The portions affected often become colourless and spotted with 
reddish specks, evidently duo to a discolouration or disintegration of tho chloro- 
plasts in those portions The pest usually attacks fully developed and mature 
leaves and it is not improbable that its attack hastens their drying up and prevents 
the plant from gotting full benefit of these leaves While its deleterious effect is 
not peroeptible it is probable, as stated by Swezy (1923), that thore is a cheek at 
least in growth, particularly because the attack coincides with a period of stress, 
when the plant is trying to tjde over the hot dry season 

II Observations. 

The attack of mites was first notioed on a dump of S spontaneum collected 
from Bikna-Thoree in 1943 and grown at the Central Sugaroane Research Station, 
Pusa The attaok was seen about the middle of May in a clump of the above species, 
transplanted and grown noar the net house m tho laboratory area In a few days 
the attack progressed to a neighbouring clump of another form of 8 spontaneum 
and also to a few pots of sugaroane seodlings kept inside the not house By the 
end of May, the attaok became widespread and progressed to some Coimbatore 
canes grown m the vicinity The varieties attacked included among others Co 313, 
Co 331, and Co 613 The attaok was so rapid that the leaves of almost all the above- 
mentioned varieties became spotted by the innumerable webs, whioh appeared as a 
number of small whitish patches, on the under-surface of the lamina (PI III, fig 1) 
These patohes on examination showed all stages of the pest, ranging from eggs 
and just hatched larvee to well-developed adults The latter were often freely 
moving about and evidently became responsible for fresh infestations of other 
leaves and plants in the neighbourhood. The infestations generally started along 
the mar gins of the leaves or frpm the tips and progressed both inwards ana 


* T^a "its* attacking sugaroane the wild Sacobormm in Bihar have boon identified 
PgraMnanyoMu indieut Hw, 
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backwards, until the lower surfaoe of the leaves was literally spotted with the 
innumerable patches of webs (PI ID, fig 1) The webs were confined only to 
the blade portions of the leaves and were not found on the midribs^ 

The most interesting feature noticed about the infestation orSmUFTnite was the 
peculiarly complete immunity from its attack of three dumps, one of 8 arundtna- 
ce um and two others of two different forms of 8 munja, which were growing side 
by side with the forms of S spontaneum, m which the attack was first notioed and 
was severe throughout the season While the pest had gone and attacked 
sugarcane seedlings inside the net house and Coimbatore canes standing farther 
away, they had surprisingly enough, left unattaoked the above clumps whioh 
were all standing and growing more or less touohing the above forms of 8 spontaneum 
As is well known the spread of this pest takes plaoe by the migration of the 
females to fresh leaves, aided by contact of suoh leaves with the infested ones or by 
tho dispersal of mites by wind It is interesting, therefore, that the above-mentioned 
clumps of 8 arundtnaceum and 8 munja did not show any infestation throughout 
tho period of nearly six months — May to November — when the attack was spreading 
around them to various Coimbatore varieties grown m the vicinity More or lees 
similar immunity was npticed in the Jhilli Nursery also where an attack of this mite 
was notioed only on the forms of 8 spontaneum grown in the wild fiaccharum block 
and not on any forms of 8 arundtnaceum or 8 munja growing along with them 
In order to understand and to find out any possible plant characters whioh may 
be associated with this variation in varietal susceptibility, an examination was mado 
of the leaves of different varieties, including those of Coimbatore canes which were 
found most susceptible Since the attack generally took plaoe on the ' lower surfaoe of 
the blade portion of the lamina, a study was made of the epidermal characters of the 
under-surface of the leaves, both in seotions taken across and m peelings obtained 
by maoeration In all oases, wherever infestation by the mites was notioed, 
particularly m the forms of S spontaneum and Coimbatore canes, the lower 
surfaoo was characterised by the presence of well-marked stomatal grooves, often 
lined by characteristic spinous outgrowths on the ridges adjoining the grooves 
(PI III, figs 4-7, Pi IV, figs 8, 11-13), while m the forms of 8 arundtnaceum and 8 
«MM»#*jjrhioh were found to be free from infestation, these grooves and spinous 
outgrowtKS'wjJre completely absent and the surfaoe was nearly smooth (PI III, figs 2 
and 3, PI I V, nga, 9 and- 10) The difference between the varieties regarding these 
features is noteworthy/ sinoe it appears probable that their susceptibility to mite 
attack is evidently closely related to them From what is known already, these 
mites have the habit of selecting generally sheltered plaoes on the under-surface 
of the leaves, particularly oonoave areas between two veins (Rahman and Sapra, 
1946) or between the midrib and the lamina for spinning their webs. The stomatal 
grooves, wherever they are present are located between the veins and evidently 
afford an ideal plaoe for shelter and the spinous outgrowths on either side evidently 
give proper holds for the webs to be spun This evidently explains the preference 
shown by the mites towards those varieties, viz , 8 spontaneum and Coimbatore 
canes which have stomatal grooves and spinous projections on the under- surfaoe 
of their leaves and the immunity of the forms of 8. arundtnaceum and 8. munja, 
which show an entire absence of the above features Even amongst the susceptible 
varieties, it ill interesting to note the preference shown by the mites to the margins 
and tips of the leaves affected It is not improbable that this attraction may be 
dhe to the eloser approximation of stomatal grooves towards the margins and tips 
and the presenoe of Vetter developed spines ana aepirites, whioh as suggested already 
give suitable plaoe of shelter and proper hold for spinning webs by the pest. 

Lastly, it is noteworthy to record here the presenoe of this mite on a common 
meadow grass, Dicanthtum annulatum, cm whioh it has been notioed almost throughout 
the season. An examination of the under-surfaoe of the leaves of this grass also 
shows the presenoe of tubercled hairs and a slight grooving between veto* whioh 
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as stated already, afford suitable shelter and hold for the spinning of webs as in the 
canes described above 

III Summary. 

The paper reoords the moidenoe of mites ( Paraktranychus tndtcua Hirst) on some 
sugarcane varieties ana wild Saccharvme at Puss, Bihar The attack was first 
notioed in clumps of 8 apontaneum and spread later on to some other varieties of 
sugarcane m the vicinity Forms of 8 munja and 8 arundtnaceum growing m the 
same area were found to be free from the attaok throughout the season 
An examination of certain plant characters associated with the attaok of mites 
indicated the probability that the presonoo or absence of stomatal grooves on the 
under-surface of the leaves might be responsible for this variation in Busoeptibihty 
While forms of S. spontaneum and varieties of sugaroane that were attaoked, have 
stomatal grooves and spinous outgrowths protecting them on the under-surface of 
their lamina, forms of 8 munja and 8 arundtnaceum whioh were throughout free 
from attack, have no such stomatal grooves or spinous outgrowths It ib suggested 
that the presenoe of stomatal grooves between the veins afford suitable shelter for 
the mites and the spinous outgrowths afford suitablo hold for spinning their webs and 
thus explain the susoeptibibty of sugarcane varieties and forms of wild Saccharvma 
having these features, in contrast to the immunity of those form? showing an 
absence of suoh characters 
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* Explanation of Plates 

Plate III . 

Fro 1 . Leaves of different varieties of sugarcane and wild Saccharums showing attack of mites 1 
(a) and (8) S spontaneum, (o) Co 613, (d) Co 313, (e) 8 munja and \J) 8 arundtnaceum 
The last two varieties are altogether free from attack 

FlOS 2-7 Cross section of the lamina of the different varieties of sugarcane and wild Saccharums 
showing the absence of stomatal grooves on the under surface of the leaves of 8 munja 
(Fig 3) and 8 anmdxnaceum (Fig 2) and their presence in S spontaneum (Fig 4) and 
Co. varieties, Co 613 (Fig 6), Co 813 (Fig 8) and Co 331 (Fig 7) 

Plate IV. 

Flos. 8-13 Epidermal peelings of the lower surface of the lamina of the different varieties of 
wild Socchorums showing the presence or absence of stomatal grooves, 
Fig-8,S spordcmetmftig 9 ,S munja ) Fig 10, 8. tmmdxnaoeumi Fig 11, Co 313 (Fig 12, 
Co 381 and Fig. 18, Co 613. 
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ON THE STRUCTURE AND DEVELOPMENT OF CTENOID SCALES IN 
CERTAIN INDIAN FISHES. 


By Dheohndra Nath Ganguly and Sivatosh Mookeejeb, Zoology Department, 
Vntterstty of Calcutta 

(Communicated by Rai Bahadur Dr S L Hora, D So , F.N I ) 

(Received June 13, read August 1, 1947 ) 

Abstract 

The paper gives the structure and development of ctenoid scales in certain Indian fishes 
The formation of spines is not influenced by the nature of the circuli fiaoh spine is an integral 
part of a ctenoid scale, consisting of several component basal parts, tlio apiceB of which may bo 
pointed or displaced The one rowed nature of otenn by secondary distortion gives a false 
impression that they are multi rowed The ctenoid scale is an advance over the Lyoloid from 
whioh tho former is evolved The spmos and circuit ere forme d from the samo substance but 
independently It is suggested that the ctenn have arisen under tho influence of a physical 
factor, namely, differential movements of the various parts of the body of the fish 
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I. Introduction. 

The scales of fishes have been studied by a number of investigators, both from 
the standpoint of evolution and practical application to the question of determina- 
tion of age. All the previous researches on scales reveal that there still exists a 
large scope for investigation into the genesis of ctenoid scales Besides, the relation 
of the otenoid scales to the cycloid has so far been imperfectly understood An 
attempt has been made in this paper to determine the nature and evolution of the 
otenoid scales In oertain Indian fishes. 

In 1948, the Zoology Department of the Calcutta University collected earlier 
stages of a number of species of fish, such as, Sctaena cottor, Anabas testudineus, 
Mugtl tpp., Cobsa lalt us, Coltaa fasetata, and other species possessing otenoid 
sondes in the adult stage. The materials had been preserved m 4% formalin and 
■were found quite good for study of the earlier stages of scale development. The 
results embodied here are based on an examination of at least five specimens of 
each stage. A few of the scales were stymied with Borax Carmine, and were com- 
pared w?th untreated sdtdes. Average length of the fishes studied is stated in 
respective oases. 
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III Terminology 

In our account we have followed the terminology used by Taylor (1914-16), 
and for convenience of reference, we give below a brief definition of the terms used 
in this article 

Circuit are relief lines on the exterior surface of scales, arranged in concentric 
or nearly concentric rings. 

Focus is the area of the scale round which circuli are concentrically arranged 
The focus usually lies at the centre of the scale 

Radix are markings, radiating from the periphery to the focuB of a scale They 
are found usually on the anterior surface, but sometimes on the posterior fiold too 

Cteim are spinous outgrowths in the posterior field of the scales of certain 
Actinopterygian fishes and are the characteristic features of the otenoid scales 



Tbxt-tto 1 — Diagrammatic representation of a otonoid scale of Sccaena Doctor 

ep — Spines (ctomi) undergone displacement giving the multi rowed appearance , t Space 

between the spines and the circuli, / — Focus# e — Oirculi, r — Radii 

Anterior field is the portion of the scale that lies m the scale pocket, and is 
directed toward the inferior end of the fish. 

Posterior field is the portion of the scale which is exposed and directed towards 
the posterior end of the fish. In ctenoid scales, this portion is covered with spines. 

Lateral fields are the portions of the scale directed dorsally and ventrally in 
relation to the position of the fish. 

Inferior side of a scale is that which lies dose to the body and is plain. 

Superior side of a scale is that whioh is exposed and sculptured. 
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IV. Structure of Scales in Sciaena coitor ( Hamilton) 

Sciaena coxtor is an Acanthopterygian fish commonly found in the larger rivers 
of India and Burma Though it attains only a foot m length, it is a valuable food 
fiah 

Aocordmg to the nature of the scales, the surface region of the fish can be dis- 
tinguished into the following four areas — 

( 1 ) Typical cycloid scales without radix (PI VI, Pig 7) — Head region 
(u) Cycloid scales with a Jew radii (PI VI, Pig 8) — Scales covering the fins 
and the anal region 

(m) Ctenoid scales with radiating spines (PI VI, Pig 9) — On the lateral 
line The scales on the lateral line are peculiar in their structure 
The spines of these scales are continuous radiating rays or spines 
projecting into the posterior field A space exists m between the 
circuli and the place of origin of the spines These radiating rays 
may often be broken, but generally they are uninterrupted The 
epidermis covers the scales on the entire length of the lateral line on 
either side. ' 

(iv) Typical ctenoid scales (PI VI, Fig 11) covermg the rest of the body, 
though the scales on the caudal peduncle are somewhat different from 
those m other parts of the body 

In a typical body scale the spines are arranged in a single row, each spine being 
made up of several component basal parts The apical block is pointed, while 
the remaining ones may be blunt On the caudal peduncle, the component parts 
of the spine are displaced or distorted so as to create a false impression of the arrange- 
ment of spines into several rows 

Attention may here be invited to Gunther’s (as depicted by Parker and Haswell, 
1940) drawing of a ctenoid scale m which spines are shown as many-rowed structures 
This is usually not the normal condition as many-rowed structures are secondarily 
produced during development ( vide infra), and may give a false notion that the 
spines are many-rowed structure. 

V Dbvblofment of Typical Ctenoid Scales in Sciaesa to iron 

No trtfee of scale m the fish was found up to a length of 14 mm , but later 
patches of scales appeared here and there on the body At this stage, a scale shows 
a lamellar structure with few circuli (PI V, Fig 1) The circuli appear as deposits 
on the superior surface of the lower layer This secreted layer has been variously 
termed as superior layer (Kuntzmann, 1824, Mandl, 1864, Ussow, 1897),hyalodentme 
(Hofer, 1889) and cell-less ganoin (Parker and Haswell, 1940) The superior side of 
the scale lacks a shining surface 

16 mm Stage (PI V, fig 2) — The superior side of the scale develops a shining 
surface, the number of circuli increases, and radu appear as cracks on the upper 
surface due to the folding of the lamella Generally, radn develop in the posterior 
field and divide the circuli centnpet&lly starting from the periphery and ending 
toward the focus 

17 mm Stage (PI V, Fig 3) — At this stage, the circuli become interrupted 
in the posterior field, while the secreted substance forming the cironli is drawn 
out in a radial direction instead of being laid out in the form of a complete ring, so 
as to give rise to the formation of a spine. 

20 mm Stage (PI, V, Figs. 4, 5, fl) — With the growth of the scale, more and more 
drouli appear, but in the posterior field the continuity of ring formations is inter- 
rupted by the formation of spines The number of spines formed seems to 
depend on the space available between the ends of the circuli that were interrupted, 
but there is no correspondence between the number of spinee and the position of the 
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successive circuli It would, therefore, appear that the formation of spines is 
independent of that of the circuit, though both are derived from the same material 
Owing to the continued deposition of the material secretfjO* 16 s P mee g° on 
increasing in size It soon begins to project beyond tho edge of the soale The 
projecting part beoomes separated by a crack at the base of the spine Owing 
to the flexibility of the apical part of the spine, the crack assumes an arc-like 
shape somewhat resembling a synovxal camty As growth proceeds, the apical 
portion of the spine is pushed out more and more, and more cracks appear m the 
basal part Thus in the adult stage each spine appears as composed of several 
basal component halves It will also follow that the earlier formed spines will be 
larger than those developing subsequently 

A A A 
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Diagrammatic representation of the formation of tho oomponent basal parts of ctenn 

A — an individual spine at a very early stage of .development, J3 — later a crack appears 
in the spine, O — the crack becomes prominent and separates the individual spine into an 
anterior apical and a posterior basal component, D — the crack assumes an arc-liko shape 
rosombling somewhat synovial cavity, X — the apex of the basal component is also being 
pointed, F — a displacement due to some physical factor (t nr differential movement of the 
body of the fish) has caused the apex and the corresponding bawl component of the spuio to 
move wide apart, thus giving the so called multi rovmi nature 

Thus, in the posterior field of a ctenoid scale, there are spmes of different ages 
and consequently of different lengths The older the spine, the larger the number 
of basal components it is likely to have 

The fully formed structure of ctenoid soale is attained at the 20 mm stage 
though additional circuit, radu and spmes continue to be formed with the further 
growth of the fish. 


VI. Scales of Anabas testvdinevs 

(i) Structure (PI VI, Fig 10). — Though Cockerell (1912-13) gave an aocount of the 
ctenoid scales in Anabas testudtneus, he did not report that the scales in the same 
fish on the head, operculum and nape region remained cycloid throughout bfe, as 
has been observed by us He also recorded that the lateral line scales have then 
spmes continuous at the base with the cuculi We find that these remain detached, 
although m other respects we confirm his observations 

(ii) Development — The development of scales is noticed at the 11 mm stage, 
and it follows the same course as outlined above for Sctaem cottar The spmes 
appear at the 17 mm stage In the earlier stages, the spmes have one-rowed 
components arranged m a single row, but later on, due to displacement, the basal 
components superficially appear as made of several rows. 
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VII. Scales of Mvgil spp , Cousa l alius and Colzsa pasciata 

Preliminary observations regarding the development of scales m Mngsl epp , 
Colts a laltus and Coltsa fasctata show that the ctenoid pattern is developed more 
or less m the same way as noted above in the case of Saaena cottor 

vni Obigin of Spines 

We agree with Klaatsch (1890), Duncker (1896) and Creaser (1926) that the 
ctenoid condition of a scale is an advance on the cycloid nature and we disagree 
with Boudelot (1873), who regarded cycloid condition as a secondary feature pro- 
duced through the dropping of spines in certain cases 

According to Boudelot, the spines have their origin m the serrae on the edges 
of the posterior circuli Cockerell and Moore (1910) considered that the spines arise 
through the modification of the circuli, which in the apical region retain their 
vertical position In their opinion, a scale with completely transverse apical circuli 
cannot be and cannot become ctenoid Later, Cockered (1913) opined that the 
ctenoid feature appears to be derived from the longitudinal apical cirouli which are 
modified and become segmented In the development of the ctenoid scales, we, 
however, find that the circuli and the spines develop independently (PI VI, Fig 6, 
PI VI, Fig 1 1 ) We have came across several instances of vertical circuit of the 
discontinuous type without showing the least indication of the formation of the 
spine For instance, photographs of the scales of the Pacific Salmon, published 
by Gilbert (1912-13) show vertical circuli but no spines It may also be pointed 
out that the scales of the species described here are provided with completely con- 
oentric circuli m the earlier stages though later they become ctenoid It would 
thus appear that the assumptions of Cockerell and Moore (1910) are not compatible 
with the results obtained by us Moreover, in adult 8 coitor the circuli are not at 
all longitudinal but show a tendency to become concentric (PI VI, Fig 1 1 ) and in 
case of A testudineus (PI VI, Fig 10) the spines are formed m between the apical 
ends of two successive, longitudinal circuit In view of this, it is diffi cult, to conceive 
how Cockerell (1913) postulated the formation of spines from the longitudinal apical 
circuli 

From the observations we have recorded above, we are led to conclude that 
both the circuli and the spines are independently formed by the deposition of a 
secretion of the lower layer of the scale Thus the spines constitute an integral 
part of ctenoid scale as already stated by Kuntzmann (1824), and Ussow 
(1897). We are not in agreement with Mandl (1840), who considered that the 
spines are comparable to true teeth, or with Peters (1841) and Salsbey (1868), who 
regarded them as the extension of osseous corpuscles We treated some scales with 
dilute hydrochloric acid and found the spines vanishing leaving a soulptured surface 
on the matnx, each component of which represented an individual spine A faint 
axial projection has been marked at the centre of each component If the spines 
are composed of osseous corpuscles, such disappearance of spines could not have 
been possible, as m that case the caloium compound that impregnates the corpuscles 
might have been dissolved by the action of the acid but the oorpuscles which 
formed the spines should have remained intaot 

IX Evolution of Spines 

When one finds fishes with cycloid and ctenoid scales living together in the 
same span of water, naturally one wonders what functions could these tmy spines 
perform. Duncker (1896) has shown that ctenoid scales are developed from oyoloid 
seales only when the posterior edge of the latter is raised out of the enclosing epithe- 
lium so that a layer of substance bearing ctenii may be laid over the surface of the 
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scale Creaser (1926) has supported Duncker’a view in his studies of the scales of 
Sunfish. He has stated 

‘In the case of Sunfish it appears that on ly those scales which ext^L^Pstenorly into the 
epidermis as they become imbricated develop ctenn When the scale is first formed, it is an 
embodded eycloid plate, but as soon as it goes into the epidermis by the rapid extension of its 
posterior margin in the oblique direction taken by overlapping scales, ctenn begin to be formed 
on the surface ’ 

It would thus appear that some physical factor rather than a biological cause 
is responsible for the development of spmes Ryder (1893), Taylor (1914-16) 
and Creaser (1926) have attributed the production of spines to the movements of 
the body of the fish We are also mobned to support this view as we did not find 
even radii and spmes on the scales of those parts of the body, such as head, whioh 
do not show any flexuous movement Taylor (1914-16) has already expressed the 
view that the number of radii is directly proportional to the flexion of that part of 
the fish from which the scale is taken We believe the presence or absence of spmes 
is perhaps also attributable to the same cause, namely, the differential movements 
of the various parts of the body. 


X Summary 

1 Ctenoid scale is an advance over the cycloid one and the former is evolved 
from the latter 

2 Once evolved, the ctenoid scale is never transformed again to cyoloid one. 

3 The spmes are actually not many-rowed as they look superficially Really 
there is primarily one row of spines which, owing to some meohamcal means (pro- 
bably constant flexuous movement of the fish’s body), crack and finally break into 
basal component halves to cope with the pressure exerted In many adult fish 
it is very difficult to detect the one- rowed nature of the spine unless either the 
developmental history of the soale or the specimens from different regions of the 
body are studied 

4 The spmes never originate from the serrae on the edge of the posterior 
field, nor through the modifications of the apical ends of the vertical circuli as 
stated by previous authors These are quite separate structures developed inde- 
pendently of the circuit, of course from the same substance The spines m scales 
do not commence to grow all simultaneously The particular formative stage 
occurs m greater abundanoe in the length of the fish specified 

6. We are m entire agreement with Taylor that tho flexibility of the body is 
the mam cause of the formation of the radii More flexible is the body, more the 
number of radii m its soales 

6 Spmes are always found m the soales of these regions of the fish whioh 
show strong flexions of the body Probably the spmes are formed by the physical 
phenomenon, namely, the differential movements of the body of the fish 
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XU. Explanation of Plates 

Plate V 

Fio 1 A scale taken from S cotter of 15 mm stage showing the lamollar structure with few 
oirouhl Radii and spines are not yot dovolopcd It ib non shining ( X 280) 

Fio 2 A scale taken from S cottar of 16 mm stage showing development of radu on the 
posterior field oentripe tally towards the focus It has developed a shining surface ( X 260) 

Fio 3 A scale taken from S cottar of 17 mm stage, showing increase in number of circuli 
and a single spine ( X 260) 

Fio 4 A scale taken from S cottar of 18 mm stage, showing the number of spines increased to 
3 ( x240) 

Fio 6 A scale taken from 8 cottar of 19 min stage, showing 4 spines ( x 230) 

FlO 6 A scale taken from S eotior of 1 8 mm stage, showing the crack of the spmes into anterior 
apical and corresponding component basal halves ( X 230) 

Plate VI 

Fief 7 A scale taken from the head region of adult 3 cottor showing the cyoloid nature without 
radii (x 175) 

Fio 8 A scale taken from the anal region of adult 5 cottor showing » cycloid scale with radii 
(X176) 

Fio 9 A scale taken from the lateral line of adult S cottor showing the radiating ctenn on 
the posterior field ( X 176) 

Fio 10 A scale taken from the caudal peduncle of adult A testudmeue showing the so colled 
multi rowed appearance of the spmes caused secondarily due to displacement of the basal 
components ( x 200) 

Fio 11 A scale taken from the body of adult 5 cottor showing the detailed arrangement of 
apical and the corresponding component basal parts of each spine, between the two 
respective component parte an arc like space resembling synovial cavity is seen Distinct 
spaoe exists between the circuli and the spinous region ( X 240) 
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Abstract 

Results of X ray analysis of aoetylated raw jute fibre aro compared with those for ace ty la ted 
deligmfled jute fibre It is found that the two patterns differ from each other although the 
length of the 6 axis ib the same in the two cases The degreo of acetylation at different instants 
during the period of treatment for as ety lation extending up to 48 hours has also been determined 
by chemical analysis and has been found to be less tlian that observed in the case of ramie by 
Hess and Trogus It has been observed that the roto of aoetylatiqp reduces to almost zero 
after two acetyl groups are taken up by each glucose unit and tho formation of triacetate begins 
after twenty hours of treatment The results are explained on the hypothesis that lignin is 
present m the ocetylated product and it is responsible for the difforonoe in the structure from 
that of pure cellulose acetate It is further shown that tho rate of aoetylation at tho two stages 
of reaction can bo explained by assuming that the reagent enters the mioelles by diffusion 


Introduction 

'It is well-known that various compounds of cellulose are used in industry 
nowadays and cellulose aootate is probably tho most important among them 
It is mainly used in making photographies films, plastics, lacquers and artificial 
sdk The advantages of this ester over cellulose nitrate are its transparency, hght- 
resistance and non-inflammability 

The esterification of cellulose is brought about by the estenfying agents through 
the available hydroxyl groups The number of hydroxyl groups available for acety- 
lation in glucose residue is three, two of which are secondary and one is primary 
In course of acetylation, it has been observed that with the progress of time, the 
number of acetyl groups in the cellulose molecule gradually increases giving first 
the mono-, then di-, and finally the triacetate 

The source of cellulose generally used for preparing tho cellulose acetate is 
chiefly cotton in which a fairly high percentage of cellulose froe from other impurities 
is available Hess and Trogus (1932) used ramie as source of cellulose for preparing 
cellulose acetate They found the acetic acid content in the cellulose acetate 
prepared by them to be about 60 per cent, a little below the theoretical maximum 
value which is 62 6 per cent 

In Bengal, jute is one of the main sources of cellulose, as it ib muoh cheaper 
and more abundant than cotton and ramie But the mam difficulty in using it as 
source of cellulose is that jute contams about 11 to 16 per cent of lignin as impurities 
while the lignin-content of ramie is below 3% 

The question whether jute fibre can be used as a source of cellulose for preparing 
cellulose derivatives was investigated formerly by Chowdhury and Basu (1932) 
by ohemioal methods, but they prepared the cellulose derivatives from debgmfied 
jute. The objeot of the present investigation is to find out by X-ray analysis com- 
bined with chemical methods to what extent the raw jute fibre containing lignin is 
aoetylated when it is subjected to the same treatment as cotton or ramie few obtaining 
cellulose acetate 


vol. xrn— No e. 



340 


N. N SAHA . OH ACETYLATION OF CELLULOSE IN HAW JUTE FEBES. 


Exfbbimhntal 

In order that jute fibres even after acetylation may retam its fibrous form and 
properties' the process of fibrous aoetylation used by Hess aStHCrogus (1932) was 
followed In the present method 5 gms of well- combed, cleaned and air-dried raw 
jute fibre was placed in flask in which a mixture of 50 gms of glacial acetio acid, 
200 gms of acetic anhydride and 60 gms of fused potassium acetate were taken and 
the whole mixture was refluxed At the end of second, fourth, seventh, eleventh, 
twentieth, thirty-second and forty-eighth hour about 0 7 gm of fibre was withdrawn 
every time, washed in running tap water and then dried in air for about two days 
When they were fully dried, about 16 to 20 strands of acetylated fibre were taken 
from each sample Each of these samples was subjected to both ohemical analysis 
and X-ray examination X-ray photographs were taken after making all the 
strands parallel by pressing them mildly with fingers and holding them taut during 
exposure The photographs were taken with a very fine sht of 0 5 mm bore and 
6 cm. in length using Cu K« radiation from a Haddang tube The photographs are 
reproduced in Plate VII 

Some quantity of raw jute fibre was next deligmfied by treating it with chlorine 
peroxide for a long time This method was adopted because of the fact that CIO* 
affects the cellulose least The deligmfied fibre was then aoetylated for 50 hours 
by the method mentioned above and the final produot was analysed chemically and 
its X ray diffraction pattern was also photographed This photograph is repro- 
duced in Pig. 9, Plate VII 

As regards the degree of acetylation at certain intervals the results obtained 
from X-ray photographs were compared with those obtained by ohemical analysis 
The chemical method adopted for the estimation of acetyl groups was that of 
Perkin (1904)* The estimation of acetyl groups in acetylated deligmfied jute fibre 
was also made by the same method under identical experimental oonditionB ' 

Results and Discussion. 

(a) Results of chemical analysis of the product 

The results obtained with raw jute fibre are given graphically in Pig 11, m 
wluch Curve I is drawn with acetic acid content as ordinate and the reaction period 
m hours as abscissa In order to compare these results with those obtained by 
Hess and Tragus in the case of ramie, the results obtained by them are shown in 
Curve II, Pig 11 It oan be seen that the ourve obtained in the present investiga- 
tion with aoetylated raw jute fibre is approximately of the same nature as that 
obtained by Hess and Trogus in case of ramie fibre But from the general appearance 
of the two curves it can be seen that after the treatment for a particular period 
under identical conditions raw jute fibre is not acetylated to the same extent as 
ramie fibre For instance after the treatment for two hours the product obtained 
with raw jute fibre is found to contain 19% of acetio aoid while that obtained with 
ramie contains 33% of acetio acid The saturation value, l e the m axi mum 
quantity of acetic acid whioh the fibre takes up after 48 hours of treatment is lower 
in case of jute than in ramie The values of aoetio acid content observed by Hess 
and Trogus are also given in Table I. 

It has already been mentioned that cellulose acetates are formed stepwisely 
In Curve I it oan be seen that at the eleventh and twentieth hour the amounts of 
aoetio acid found m the aoetylated fibre are 30 3% and 39 8% respectively. This 
flat portion of the ourve inchoates that the jute fibre after being aoetylated to a 
certain extent refuses to take up any more acetio acid for a considerable length of 


* The author is indebted to Dr. B. K. Bhattaoharyya and P. Sen Gupta for their hinri help 
hr the fluofUyei*. 
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time after which it again begins to react until the final saturation value is reached 
Sinoe this takes place after the product shows 39 3% of acetic aoid content and the 



Fio II 


saturation value is 57 6%, these results suggest that two of the hydroxyl groups 
take up aoetyl radical easily while the third hydroxyl group in the glucose residue 
cannot be so easily aoetylated It appears that some time elapses before the third 
hydroxyl group begins to take up the acetyl group It is evident that the transition 
phase from diaoetate to tnaoetate begins at this stage 

Tabid I 


AcetylaUd raw jvU fibre 


Time in 
hours 

Ter cent 
Acetyl content 

Per cont 
Acetic acid 

Ter cent 

Acetic acid in 
»( otylated ramie 
(Hobs and Trogoa) 

2 

1343 

18 74 

32 6 

4 

18 65 

26 8 

38 5 

7 

22 8 

31 8 

52 


28 32 

39 61 

56 

20 

28 62 

39 78 

57 5 

32 

38 83 

64 2 

SO 8 

48 

39 6 

56 6 

I 

60 5 


It can be seen further from Fig 11 that the ourve becomes almost parallel to 
the time axis after 32 hours This shows that the aoetio acid content becomes 
maximum at this stage and a saturation value is very slowly approached This 
value observed in the case' of raw jute fibre is, however, slightly lower than that for 
pure cellulose acetate 
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(b) X-ray investigation. 

In Plate VII, Fig 1 represents the photograph of untreatet^KK,] ute fibre Fig 2 
corresponds to the fibre acetylated for two hours. In this latter photograph after 
careful observation it can be seen that 101 and 101 reflections are not so sharp as 
in Fig 1 and the spot 020, on the second layer line has become elongated It shows 
that lattice has not yet been disturbed, but the acetylation has begun and it has 
disorientated the micelles So at this stage the reaction is purely micellar surface 
reaotion This photograph (Fig 2) is mainly of cellulose rather than oallulose 
acetate. Fig 3 which corresponds to acetylation for 4 hours is nearly the same as 
Fig 2, but the pattern shows that the acetylation has advanced further However, 
the pattern still retains some characteristics of that for cellulose Fig 4 represents 
the diagram of aoetylation for seven hours, which is also a mixed diagram Fig 6 
corresponds to the diagram of acetylation for eleven hours and Fig 6 represents 
that for 20 hours These two photographs are praotioally the same Here the 
oblique reflections have nearly disappeared and 101 and 101 have become so 
diffuse that they cannot be identified The shape of 002 spot has also remarkably 
changed From all these it seems that herefrom the acetylation phase, 1 e the 
formation of triacetate has just begun This is also evident from the curve drawn 
with data obtained by ohemioal analysis Figs 7 and 8 represent the photo- 
graphs corresponding to the acetylation for 32 hours and 48 hours respectively. It 
can be seen from these photographs that the original oblique reflections have totally 
disappeared and a new elongated structure has appeared on the different layer 
hnes The equatorial spots have also changed remarkably in size and shape, but 
the position of the 002 spots remains the same Fig 8 which corresponds to the 
acetio acid content of about 65 6% is the diagram for the final acetylated product 
obtained from raw jute fibre This diagram differs appreciably from that obtained 
by Hoes and Trogua in the case of acetylated cellulose with the same acetio acid 
content It appears that this difference in the nature of the X-ray diffraction 
patterns of acetylated ramie and raw jute fibre obtained by treating the fibres 
under identical conditions for the same time is due to the presence of high percentage 
of lignin in jute fibre. From the constitutional point of view, both of oellulose and 
lignin, it is seen that lignin cannot be so easily acetylated as cellulose So the per 
centkge of acetio acid content after complete aoetylation becomes different Since 
lignin acetate is present along with cellulose acetate in the product obtained with 
raw jute fibre, the orystal structure of the product is different from that of pure 
cellulose acetate The X-ray diagram of cellulose acetate obtained from delignified 
jute fibre is reproduced in Fig 9 It can be seen that the structure is the same as 
that of cellulose aoetate obtained from ramie by Hess and Trogua (Fig 10), but 
it is different from that obtained from raw jute fibre This shows that in the 
acetylated raw jute fibre lignin is present and it makes the structure different from 
that of pure cellulose acetate In the case of delignified jute fibre the percentage 
of acetio acid content has been found to be 60% which is slightly below the theoretical 
maximum value and is the same as that obtained by Hess and Trogus. After 
calculating the spacings it has been found that the identity period, i e the length 
of i-axis, remains the same, e g. 10 zk in the case of oellulose aoetate obtained from 
raw jute fibre So it is evident that lignin plays an important part in the acetyla- 
tion process but it keeps the b - axis unchanged even after complete aoetylation 

The difference in X-ray patterns obtained from aoetylised jute fibre and aoety- 
lised ramie is due also to the size of micelles In a previous communication (Sirkar 
and Saha, 1946) it has been shown that the length of mioelles in ramie is about 
lOOOl and the width is 60 to 7ok, while in the case of jute the mioelles are at 
most lool long After aoetylation the mioelles in jute fibre being shorter, become 
more disorientated than those in ramie fibre. So the spots in the pattern for 
7 “ 
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aoetylated jute fibre are more elongated than in the pattern for cellulose acetate 
obtained from ramie 

(c) The. ktneitca of the reaction 

The copfse of reaction is graphically represented in Curve I, Fig 11 The 
reaction appears to be a bit complicated The velocity constant K x for unimolecular 
reaction has been calculated from the equation, 

% -*!<«-*> ■ .. . (1) 

where a the initial concentration of hydroxyl groups and x is the amount converted 
The velocity constant K% for bimolecular reaction is obtained by using the equation, 

^ . .. . . ( 2 ) 

An attempt has been made to calculate the values of K x and if* from the curve in 
Fig 1 1 These values are given in Table II 


Tablf n 


treatment 


k x x n.» 

(timmolooular) 


K t x 1(H 

(bimolecular) 


It can be seen easily from the above table that neither K x nor K t is constant 
throughout the course of reaction If we consider the first portion of the Curve I 
(Fig 11) before the discontinuity, K t varies slowly but K x vanes very rapidly 
Henoe the reaotion is more of bimolecular type than unimolecular But some other 
factor must be considered in order to explain the vanation of J£* 

It may be that at the beginning of the reaotion, the estenfying agent first 
reaots with the surface layer and gradually it enters into the intenor of the fibre 
where again the reaction sets in So it is to be conceived that the reagent enters 
by the process of diffusion In diffusion phenomena it is well known as shown by 
Ostwald (v\de Sakurada) that the course of diffusion of an organic liquid can be 
expressed in the form, 

I =* Kt" 


where l is the diffusion path and t the diffusion time, K and m are constants. As 
the direct measurement of diffusion path is not practicable, here m this case x, the 
amount of reagent reacted, has been taken instead of I, as has been dime by Sakurada 
(1032), 

. .. (3) 


maud K can be found by plotting log * against log (. The values for the two portions 
of the Curve I, Fig. 11 obtained from Fig 12 are given in Table HI 
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STUDIES ON FERRIC-THIOSULPHATE COMPLEX BY COLORIMETRIC 
METHOD 

By Bakun Chandra Haldab, M Sc , and Sujtckar Banerjee, MJSe., University 
College of Science, Calcutta 

(Communicated by Dr P B S&rk&r, D 8c , F N I.) 

(Received May 21 ; read August 1, 1947 ) 


Introduction 

It has been observed by all that a deep violet colour is developed instantaneously 
when ferric chloride solution is added to sodium thiosulphate solution or vice 
versa Copper salts have an appreciable accelerating influence on this reaction 
so that the deep violet colour disappears much more rapidly in the presence of 
copper salts, than in copper-free solutions When the reaction is carried out in the 
presence of thiocyanates which serve as indicators for the feme salts and also alow 
up the reactions, very small amounts of copper can be detected, by comparing the 
time of decolonsation by thiosulphate of a copper-containing and copper-free 
ferric salt solution This method was actually employed by Hahn and Leimbaoh 
(1922) for the detection of small amounts of copper and the limit of identification 
was found to be 0 02% copper The appearance of the violet colour is usually 
assumed to be due to an unstable complex formed between feme chloride and sodium 
thiosulphate, but the exact nature of it is not known very precisely Holluta and 
Martini (1924) tried to trace the initial acceleration of the reaction, ferric chlonde- 
sodium thiosulphate solutions, but were not successful They, however, attempted 
to explain the violet colour formation as due to a complex Fe(8jOg)g where the 
oomplex ion is negatively charged. Schmid (1930) is of opinion that the oomplex 
is Fe{S t 0 8 ) f and not Fe(SjOj)'. He has also calculated the instability constant 
of the oomplex Fe(SgOj) + and gives its value as K = 66 0x10“ 8 at 18°C. where 

K = )(S»0» ) ^he chief difficulty in determining the nature of the 

[Fe(SjOj) + ] 

oomplex and its instability constant was to find out a suitable method to follow the 
reaction Although Schmid tried to solve the problem by potential measurement 
at different fixed points in a glass tube through which flowed under constant pressure 
a mix ture of add ferric-ferrous-chloride mixture and thiosulphate solutions, it is 
expected that the e m f. noted by him may not be the true e m f of the system 
ferric chloride- sodium thiosulphate solutions under statio condition Moreover, 
the potential reoorded within such a small period of time (within 3 mins ) is not 
expeoted to be the true reversible potential of the system So we have tried to 
follow the ferrio chloride- sodium thiosulphate reaction by colorimetric method. 
By the help of a photoelectric colorimeter the decrease in intensity of the violet 
odour with tune can be easily noted. Now this decay in colour noted in trans- 
mission scale is found to give a linear relation with time. Considering the faot that 
the development of the violet colour is very rapid compared. to its decay, it can be 
titt^rrrtd that the concentration of the oomplex is greatest at zero-time. So if the 
straight line obtained by plotting percentage transmission against time be 
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extrapolated to zero-time it will out the transmission axis at a point where the con- 
centration of the complex is greatest Thus the amount of complex fo^rndhy mixing 
known volumes of the reacting solutions is known in transmission scale. By applying 
P Job’s (1928) continuous variation method, it is now possible to know the nature 
of the complex and also to determine its instability constant 

Theory — The continuous variation method applicable to the imperfect mole- 
oular and ionic aggregates is due to P Job According to it, the variation in one 
physical property of a mixture of two solutions from which the complex is formed, 
is studied against composition of one of the reacting constituent keeping the total 
volume of the mixture constant Frequently it so happens that a suitably chosen 
property becomes a maximum or minimum for a mixture of a particular composition 
One is then to admit that this particular composition is the mdex of the formation 
of a complex whose formula precisely corresponds to this 'maximum composition’ 
This method is called the method of 1 continuous variation’ Suppose the complex 
which we want to study is formed according to the equation 

mA+nB v* AmBn . (I) 


A solution of A of molar concentration C and of B of concentration C', where C' — RG, 
are prepared A volume x of the second is mixed with a volume (1 — x) of the first, 
and let us assume that this mixture is produced without any contraction or expansion 
m volume 

Let Cj, C 2 and <7* be concentrations of A, B and AmBn respectively^ For any 
mixture, the following equations apply — 

C?xC£=Z(7 # . . (2) 

C' 1 +mC t ==(7(l-x) .. .. .. (3) 

C t +nC t ~BCx .. . (4) 

The concentration C 8 of the complex depends only upon the composition x of the 
given mixture It will be sufficient, therefore, in order to obtain the maximum 
composition to write that 

dC t jdx =* 0 . (6) 


By differentiating equations (2), (3) and (4) and combining the resulting differential 
equations with (2), (3) and (4) we get the general equation 


Cr+'-'xRr- 1 [(Bm+n)x— n ] m+ * 

m «-i n *-i( 5 _l)»+< , -i 


= 2T[n— (m+»)x] 


( 6 ) 


When J! =» 1, that is, for equimolecular solutions the left-hand side is zero. Now 
K cannot be zero, therefore 

*(m+n)-n - 0 or * - . . . . (7) 


Hence from a knowledge of the maximum composition x, the formula of the oomplex 
can be determined from the ratio mjn taking the simplest values for m and n. 

When the solutions are not equimolecular, the maximum composition depends 
both upon the concentrations of the two primary solutions and on the instability 
constant K. The value of this maximum composition determines, with the help 
of the equation (6), the instability constant K. 

The absorption of monoohromatic light is a suitable property for this method, 
because complex ions are often differently ookrared from their components. Also 
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the absorption of light is proportional to the concentration of the absorbing species 
which is one of the necessary conditions of the continuous variation method. 

Generally the value P of this property will depend in a more or less simple 
manner on the concentrations C\, C t , G’g of the three constituents A, B and AmBn 
m solution giving P = /(C 1 1 , C 2 > C*) When the property in question depends 
only upon the concentration of the complex, as m our case, the value of the property 
as a function of the composition of the mixture, passes through a maximum or 
minimum for the maximum composition itself, 1 e. dPjdx — 0 


Experimental Details 

Percentage of light transmitted due to the oomplex-formation was measured 
with Lumetron photoelectric colorimeter model 400G of Photo-volt Corporation, 
New York The apparatus is so designed and calibrated that the scale gives per- 
centage transmission directly Reagents used wore of extra-pure quality A11 
solutions were made in copper-free redistilled water (tested for copper hy Rubeamc 
acid reagent) Solutions of sodium thiosulphate were standardised against standard 
dichromate solution lodometrically Ferric chloride solutions were also standardised 
with standard dichromate solution using diphenylamme sulphon&te as an internal 
indicator Dilute solutions were all prepared by diluting stock solutions of strength 
NjlO kept m Jena bottles and were used immediately after their preparation The 
absorption due to the complex in the visible region is between 460 mp. to 660 m/r * 
and so the measurements were made at two different wave-lengths 400 m/i and 630 mp 
Moreover, the absorption due to unreacted ferric chloride is negligible in this region 
Eaoh measurement was earned out as follows — 

The galvanometer needle was set exactly on Eero mark of the transmission 
scale by means of zero adjustment knob The power cord was then connected to a 
six volt battery On and off switch was then thrown off to the on-position and the 
instrument was allowed to warm for a few minutes Now the desired filter was 
placed in the path of the light beam The tube containing redistilled water was 
placed in the fight path and the needle was set exactly on 100 mark of the trans- 
mission scale by means of the controlling knobs Tho test tube containing redistdled 
water was then replaced by a test tube containing a known volume (10 o c to 18 o c ) 
of one of the reactants Definite volume of the other reactant was added from a 
graduated pipette while stirring with a dry glass stirrer The total volume of the 
solution was 20 o o The initial stirring was continued for 6 secs, only and then the 
stirrer was removed The first reading was taken after 10 secs Then after eaoh 
S or 10 secs the position of the galvanometer needle was noted for 30 to 80 secs 
Percentage transmission was then plotted against time and the straight line obtained 
was extrapolated to zero-time In this way different graphs were obtained by 
mixing different proportions of the reactants and noting the transmission with time 
The transmissions at zero-time were then plotted against composition and the resulting 
ourve showed a minimum So from the position of the minimum in the ourves of 
different equi-moleoular solutions the formula of the complex was fixed The in- 
stability constant of the complex was then determined from the minim a in the 
curves of non-equimolecular solutions with the help of the general equation (8) 

Eaoh reading was repeated thrice and the results were found to agree within 
half-a-division of the transmission scale. 


We are grateful to Mr B Mukherjee, M.So , for kindly photographing the absorption 
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Strength of Fed, solution — 3f/ 75, Strength of sodium thiosulphate — Af/76; Wavelength 
used — 490 m/i 


(a) Vol of FeCls solution 
moo =18. 

Vol of Na-thiosulphate 
solution moo — 5. 


(6) Vol of FeCl, solution 
in o o — 14 

Vol of Na thiosulphate 
solution in o c =6. 


Time m secs 

% trans 

Time in secs 

% trana 

10 

30 6 

10 

26-0 

20 

86 0 

20 

82 6 

80 

41 0 

80 

406 

40 

47 0 

40 

48 6 

60 

640 

60 

66 6 

60 

600 

60 

64-0 

70 

66 6 

70 

71 6 

80 

73 0 

80 

78 6 

90 

79 6 

90 

84 0 

100 

86 0 

100 

89 0 


(c) Vol of FeCls solution 
moo =13 

Vol of Na thiosulphate 
solution in o c =7. 


(d) Vol of FeCl, solution 
in o o =12. 

Vol of Na thiosulphate 
solution ince =8. 


Time in secs 

% trans 

Time in secs 

% trans 

10 

23 5 

10 

21-0 

20 

30 6 

20 

31 6 

30 

39 0 

30 

41 6 

40 

47 0 

40 

51 6 

60 

64 0 

60 

60-6 

60 

61 0 

60 

68 5 

70 

68 0 

70 

76 6 

80 

76 0 



90 

80 0 



100 

860 
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(g) Vol of PeCl, solution (A) Vol of FoCl, Rotation 

in o.o — 0 in o o. — 8. 

Vol of Na-thioaulphato Vol. of Na-thioeulphate 

solution in oo —11 solution in o o —12 


23 0 
29 5 
37 0 
44 5 
60 5 
67 6 
82 5 
87 5 


62 0 
69-0 
88 0 


(t) Vol of FeCl, solution 
in o o - 7 

Vol of No thiosulphate 
solution in o.o — 13. 


(j) Vol of FoCU solution 
moo — 6 

Vol of Na-thiosulphato 
solution in o o — 14. 
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Tabu 2. 


Tablb S. 


Strength of FeCl, soln Ml 76. 
Strength of Na, 8*0* soln — Hf/76 
Wavelength used — 490 my. 


Strength of Nagg^Ot* 

Wavelength used — 5 



Vol of 
N&gS,0, soln 

Yol of 
FeCl, soln 

% transmission 
at zero-time 

6 

15 

20 0 

6 

14 

10 0 

7 

13 

13 5 


12 

120 

9 

11 

11 0 

10 

10 

9 0 

11 

9 

12 5 

12 

8 

16 0 

13 

7 

20 0 

14 

0 

24 0 

IS 

5 

80 0 


TABU 4 


Strength ofNa,S a O, soln »» Ml 100 
Strength of FeCl, soln ■= Ml 100. 
Wavelength used ~ 630 my. 


Vol of 
Na,S,0, soln 
in c o 

Vol of 
FeCl, soln 

%transmission 
at zero-time 

6 

15 

42 0 

6 

14 

31 0 

7 

13 

25 0 

8 

12 

22 5 

9 

11 

21 0 

10 

10 

200 

11 

9 

23-0 

12 

8 

27 6 

13 

7 

340 

14 

6 

390 

16 

5 

460 


Tabu 6 


Strength ofNftgS.O, soln = M/ 00. 
Strength of FeCl, soln ■» M/60. 
Wavelength used «= 630 my. 


Vol of 
Na,S,0, soln 

Vol of 
FeCl, soln 

% transmission 
at zero-time 

2 

19 

SIO 

4 

10 

10O 

5 

15 

05 

6 

14 

40 

8 

12 

1 5 

10 

10 

0 

11 

9 

4 5 

12 

8 

120 

13 

7 

18-5 

14 

0 

250 
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Tabu 8 



Strength of Na.8,0, sola. — M/800. 
Strength of FeCl, soln — Af/100. 
Wavelength used = 830 ntp. 


Tabu 7 


Strength of Na,S.O t soln. - Af/100. 
Strength of FeC!* soln •» M/80. 
Wavelength used — 480 mp. 


Vol of 
N&|S|0| soln 

Vol of 
FeClj soln 

■^transmission 
at zero-time 

2 

18 

44 

3 

17 

28 

4 

16 

19 

5 

IS 

14 

0 

14 

9 


13 

0 

3 

12 

5 

9 

II 


10 

11 

10 

8 

3 

2 

12 

13 

8 

7 

‘ 

14 

15 

10 

8 

S 

4 

8 

12 

17 

17 

3 

32 6 

18 

1 2 

43 


Tabus 9 

Strength of Ka t S t O, soln = M/60. 
Strength of FeGI. soln = M/IOO. 
Wavelength usod >= 490 mp. 
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Tabu 10. 


Strength of Na t S t O ( go In Jtf/20. 

Strength of FeCl* *oln — Jkf/200. 
Wavelength used — 530 mpu 


Vol of 
FeCl» soln 


i %tr»n*nu8eion 
at zero time 


0 5 

1 0 
1 5 
20 
25 
30 

3 6 
40 

4 5 
60 
65 
60 
70 


195 
190 
18 6 
180 
17 6 
170 
16 5 
160 
15 6 
160 
146 
140 
13 0 



Tabu 12 

Instability constant of the complex Fe(8*0,l + 
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■ VOI Of Ala,s,c, SOI IN Cc*9 
vc t of ft ci } sot in cc< u 


VOlOFNa.StC* SOtlNCO* 
m or UCI+ soi? m co is 

"Wl Of Na^Oi SCiriJVcc • 6 
'lot Of fcClj SOt! IX C.C ■ 
m cr N^SjOjScriNc.c- 7 
VOICF f«ci 4 sot? IN CC. *15 
-vet 0f/va t Sj0 3 same * . 8 
• vet OF feClz SOU IX CX- 12 

Met Of \Q l s ] c } sci't\ c.c. • ro 

mor Na,s t o s mi/vc.c-io 


TfWI IN S£0 


STPfHG TH of x<r,%c } SOL » 
S1RLN6TH Cf fsct s SOI . "/**- 
WMf IfH&TH u$fp . 4<to 
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Discussion 

Careful examination of the curves which present the studies with solutions of 
different but equimolecrular concentrations, reveal that the maximum composition x 
is independent of the concentrations of the primary solutions and of wavelength 
used, since all these curves show minima at the same point, i e ferric ohloride- 
sodium thiosulphate equal to 1 1 The instability constants determined at four 
different concentrations of ferao chloride and sodium thiosulphate solutions are 
fairly m agreement with each other considering the fact that the temperature was 
not kept constant (varied from 24° to 26°C ) and m calculating the oonstant we 
used concentration terms and not activities It is also independent of wavelength of 
light absorbed by the complex Although our conclusion as to the nature of the 
complex is in agreement with that of Schmid, our value of the instability oonstant 
differs from that of the latter A slight difference in the two values of the instability 
constant iB expected since Schmid’s value of K = 66 6xl0~ 8 is at 18°C whereas 
our value is between 24° and 26°C Such a large difference is, however, mainly due 
to the different experimental conditions and method employed by Schmid More- 
over, the potentials measured within such a short period of time and under flowing 
conditions may not be the true reversible e.m f of the system. So it is expected 
that our value of £ is likely to be nearer the true value than that of Schmid. 

In spite of the remarkable concordance observed in the above determinations 
of K, the precision of these experiments must not be over-estimated. Though for 
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MOtS]^ SOM M cc.fl 
fm Cl^ SOI* INCjC‘9 
Ha^O, $016. IN CC'll 
Uclj sm IN C.O 8 

Notify $01* IN CC. 13 
FcC| a SOI* INC.C.-T 
NajSjOj S0I« WC.C-IV 
fed, S«4f«CC’4 
Na^SOtflt WC.C-- 15- 
f«C/ 3 SOI* IN CX-- S' 




S TRINGTH Of m Afa^j SCI - ^ 
STRENGTH OFTHt UCt s SOL • n Jr* 
WAVS LtN&m OSIP 49 0 **/* 


the estimation of the intensity of the colour much improved and precise method 
has been employed yet it is not possible to determine the maximum composition x 
with a very great exactness Let us determine, for the six experiments, the relative 
error made in the determination of K. We have 


C[(R+l)x- 1]« 
" (*-l)(l -2*) 


(8) 


i«*-[i£Sb+rb] 

It ia found that the above values for dKjK are 40 d*, —38 5 dx, —16 6 dx, 11*2 dx, 
40 dx, —40 dx . It u impossible to measure the maximum composition to more than 
1*0%, that is to say, that dx is at least equal to 0 01 , the moBt favourable experi- 
ment then *»ntaOs an error of about 1 1 2% Thus the common idea that the inter- 
mediate violet colour is dpe to the complex Fe(S 8 0*)» which has found place even 
in standard text-books (Text Book Of Qualitative Chemical Analysis by Vogel; 
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Text Book Of Inorganic Chemtetry by Partington) cannot be supported by phytioo- 
chemical evidences. 


SCMMABY 

1 The reaction between feme ohlonde and godium thiosulphate solutions, has been 
studied by colorimetric method with the help of a photoelectric colorimeter 

2 The intermediate deep-violet oolour developed by the interaction of ferrio chloride and 
sodium thiosulphate is due to the complex Ke(S i O t ) + 

3 The instability constant of the positively oharged complex has been determined by 
Job’s continuous variation method and the mean value is found to be 2 22 x 10-* at 
temperatures 24® to 26°C 

Our best thanks are due to Prof P B darker, for hie keen interest, helpful suggestions, and 
all laboratory facilities during the progress of the work 
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A CYTOLOGICAL INVESTIGATION ON THE GENUS PHLOEOBA 
(ACRIDIDAE) 

By Mxhib Kumar Durr, Department of Zoology, University of Calcutta 
(Communicated by Dr P N Bhadun, M So , Ph D , F N I ) 

(Received June 27 , read August 1, 1947 ) 

Introduction 

During a course of investigation on the phylogenetio relationship between the 
various groups of Indian Acndids, we encountered with two different forms of grass- 
hoppers belonging to the genus Phloeoba Both the types were captured from the 
field adjoining the Biological Laboratories of the Calcutta University In this 
paper we shall call them form ‘A’ and ‘B’ Form ‘B’ is morphologically distin- 
guishable from form ‘ A ’ by (1 ) the presenoe of two yellowish stripes across each of the 
compound eyes and (2) a pair of parallel stripes of nearly the same shade running 
across the two lateral aspects of the thorax and the gonae and meetmg at the frons 
(Figs 1 and la) In all other respects they were exactly similar The specimens 



Kio 1 Phloeoba sp Form ‘B’ Flo la Phloeoba ep Form ‘A’ 


were sent to Dr B P Uvarov of the Imperial Bureau of Entomology, London, for 
identification Dr Uvarov identifies them as two separate species without, however, 
assigning any specific names for them They were also sent to Dr B R 
Seshaohar of Bangalore, and he is of opinion that both of them belong to the same 
species and identifies them as Phloeoba angustidorsis 

A thorough cytological investigation of the two forms was thought desirable 
to find out, if possible, any constant difference between them either in the morphology 
of the chromosomes or in the details of their chi asms behaviour during meiosis. 
Detailed cytological studies of form ‘A’ was done earlier and is being published 
elsewhere (Ray Chaudhuri and Dutt, 1947) 

The present paper reports a detailed study of form ‘B’ and compares the data 
so obtained with those of the other form studied previously 


Material and Methods 

Adult testes wete dissected out in Ringer ‘A’ and fixed m medium Flemming 
for sectioning . Balling’s modification of Nawaschin mixture was found suitable 
for smear preparations. Sections were cut at 25 to 30 micra in thickness and stained 
in iodine-crystal- violet and Feulgen stain An overnight premordanting in 1% 
ohromio add was found necessary to give the best result with crystal-violet staining. 
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Observations 

The chromosome complement — The number of chromosomfns flO m the male, 
with 11 pairs of aoroeentno autosomes and a similar X chromosome There are 
two dot Bhaped chromosomes and they lie m most cases at the centre of the plate 
(Fig 2) The second division metaphase chromosomes are more suitable for metrical 



Flo 2 Spermatogomal metaphase of Phloeoba up X 2062 

studies because they are generally very well spread Five such selected nuolei 
were drawn under camera luoida and the lengths of the different chromosomes were 
measured Table 1 gives the mean lengths of the chromosomes in miora 


Table I 

Tabulation of mean lengths of second spermatocyte chromosomes 
The figures m italics represent the sex chromosomes 


Chromosome 

typo 

Mean length in 
micro 


Form'B' 

Form ‘A* 

Long 

4 77 

4 77 


4 36 

4 44 


4 03 

4 12 


3 42 

3 44 


3 18 

3 21 


3 00 

2 99 

Medium 

2 54 

2 82 


2 27 

$66 


2 12 

2 21 


1 77 

Z 83 


1 53 

1 55 

Short 

1 0» 

1 05 


Chromosome behaviour during meiosis — Chiasmata are distributed at random 
at diplotene. Some of the bivalents at this stage are found to be attached ter- 
minally by very fine threads which are Feulgen positive (Fig 3). Whether these 
associations are between heteroohromatic segments of different chromosomes as 
claimed by Slack (1938) in Corindae, Schrader (1941) in pentatomida and Thomas 
and ReveU (1946) in cicer is not known. 
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The sex chromosome at metaphase frequently forms an apoessary plate like 
other grasshoppers and shows irregular staining behaviour previously noted in the 



Fio S Diplotene of Phloeoba sp showing interbivalent connections x 2062 

other species of grasshoppers (Ray Chaudhun and Dutt, 1947) A large number of 
bivalents at this stago show an understained segment in only one of the chromosomes 
of a homologous pair (Fig 4) These are probably undercharged heterochromatio 
segments (Darlington and LaCour, 1940, Callan, 1942) 



Fio 4 First meiotic metaphase of Phloeoba ap , showing heterochromatic segments x 137S 

The first division anaphase is quite normal except for the occurrence of a bridge 
without a fragment (Fig 5) This may be due to stickiness of the chromosomes 



Flo s Fmt division anaphase in Phloooba gp., showing stickiness of Chromosome X 1335 
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caused by an earlier action of the oentromere before the lapsing of attraction between 
the chromatids (Klingstedt, 1938). 

The orientation of the chromosomes on the metaphase pSf® of second division 
is often peculiar The bodies of the ohromosomes in these oases lie within the 
spindle substanoe with the attachment region, as usual, on the edge (Kg 6). The 



Fio 8 Second division metaphaxo plate in PhUnobct sp X 1780 


daughter chromatids at this Btage remain m most cases closely apposed just like 
those of somatio mitoses, but occasionally m one or two chromosomes of a com- 
plement, the chromatids are fully separated so as to lie in a straight line (Fig 6). 
This may be due to attraction between the chromatids developing after the orienta- 
tion of the chromosomes on the spindle and therefore, the chromatids which are by 
chance far apart cannot be pulled together when the force come into play The 
chromatids at this stage often show an external sign of a spiral structure 

Ghxaama frequency —The frequency distribution of chiasmata per nucleus is 
shown in Table II The frequency ranges between 14 and 23 at diplotene, between 
14 and 20 at diakmesis and metaphase The chiasma frequency per nuoleua shows 
a progressive reduction from diplotene to metaphase (Table II) The differences 
are, however, not statistically significant 


TjLSLB It 

Frequency dutnbtUton of chttumaia in three ttagee oj mewnt 



An analysis of the chiasma frequency in the three different types of bivalents 
classified as long and medium were undertaken and the data are shown in Table HI. 
Short bivalents regularly form only one chiasma and are therefore not inolnded in 
the Table. 
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Tabu HI 

Chiasma frequencies vn the long and medium bivalents 


Stag© of 
raeioflifl 

No of 
nuclei 

Percentage of bivalents 

| Long type j 

| Medium type 


1 Xma 

2 Xta 

3 Xta 

4 Xta | 

j 1 Xma | 

2 Xta 1 

3 Xta 

Dip 

25 

00 

10 0 

57 3 

66 1 

50 3 ' 

45 7 

40 

Dm 

25 

8 0 

53 3 

37 4 

1 3 

61 7 

36 5 

1 7 

Met 

20 

1 0 

56 0 

41 3 

0 0 

71 4 

28 5 

00 


Relationships of chiasma frequency with the length of tho chromosomes are 
shown in Table IV Tho chiasma frequency is not found to bo directly proportional 
to the length of the chromosomes 

Table IV 

Length and chiasma frequency relationship ♦» the long, medium and short bivalents 


Typos of 
chromosomes 

Mean length in 

second div 
nietaphaso 

Xma froquoney 
per biv at 
diplotene 

Dong 

4 44 

2 70 

Medium 

2 60 

1 53 

Short 

1 OS 

I 00 


Termmalisation — The termmalisation coefficient for three different typos. of 
bivalents at three different stages of meiosia has been shown in Table V Tho 
process of termmalisation either results in a reduction in the number of chiosmata 
from diplotene to metaphase due to one or more than one chiasma fusing 

Table V 


Termmalisation coefficients in the three types of bivalents at different stages of me toe is 


Chromosome 

No. of 

Stage of 

Total 

Term. 

Term, coeff 

Significance 

type. 

nuolet 

meiosis 

Xma 

Xma 


of difference 


26 

Dip 

203 

21 

10* 02T, 

T* — Ti =» 16* 03 


26 

Dia 

174 

32 

18* 03T, 

T.-T, = 07* 04 


26 

Met 

179 

46 

26 * 03T, 

T,-^ ~ 03* 03 


26 

Dip 

269 

70 

26 ± OSTi 

T.—Tg •» 04* -OS 

Medium 

26 

Die 

245 

66 

22* 03T t 

T t — Tj - -02*4)4 


26 

Met 

226 

66 

28 * 03 r. 

T,-T a - 06* -08 


26 

Dip 

26 

21 

84f07Ti 

Ti-T. - 20* - 12 

Short 

26 

Dia 

26 

20 | 

80 * 08T, 

Tj-T, - -04* -10 


SA 

1 .Met. 

26 

10 

64* OOT, 

T,-T» - 19* 12 
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at the end of the chromosome, or m an increase in the number of terminal ohias- 
mata without actually reducmg the total chiasma frequency. In the present study, 
however, it is seen from the data on significance of difference shown m Tables II and 
V, that none of the two facts holds good so far as the meduunana the short types 
of bivalents are concerned The long types of bivalents, however, show a statistically 
significant increase m termmahsation coefficient It is to be concluded, therefore, 
that the chiasmata remain more or less stationary between diplotene and metaphase 
m the medium and short types of bivalents A statistically significant increase m 
termmahsation coefficients from diplotene to metaphase although quite rare amongst 
the grasshoppers was also found in Attractomorpha sp (Ray Chaudhun and Bose, 
1948) 

Discussion 

A careful measurement of the chromosomes of form ‘B’ shows that the chromo- 
somes of both the forms are almost identical in size (Table I) The sex chromosome 
m the Acndidae is largely made up of heterochromatm and is therefore potentially 
capable of surviving alterations of size m phylogeny than the euchromatic auto- 
somes A difference m the sizes of the sex chromosome was, however, not found 
The X chromosome is not only fourth in the senes according to size in both the forms 
but also gives an almost identical measurement at the second Bpermatocyte meta- 
phase stage The nucleination cycle of the heterochromatm m the various stages of 
mitosis and meiosis in different sub-famihes of Acndidae appears to be similar 
(Ray Chaudhuri and Dutt, 1947, Ray Chaudhun and Bose, unpublished, Ray 
Chaudhun and Manna, unpublished), and, therefore, a difference in this respect m 
the forms compared is hardly expected , none was found either 

Turning to our studies on chiasma frequency in thB two forms, we find that 
the total number of chiasmata per nucleus is shghtly higher at diplotene in form ‘B’ 
and shghtly less m diakmesis and motaphase Table VI shows the relevant data 

Table VI 

Companion o] total chuutma frequencies at different stages in the two forms 


Jstago of 

| Mean No of Xta per nucleus 

Form 'B* 

Form ‘A’ 

Dip 

19 72*1 SC 

18 95*1 48 

Dia. 

17 72*1 86 

18 00*1 09 

Mot 

10 88*1 76 

10 62*0 90 


Smce we expect changes m chiasma frequency at different temperatures (White, 
1934), significance of differences obtained m the two forms reported above were 
not calculated statistically, because the studies on the two forms were done on 
niatenal collected at different times and therefore are hardly comparable. 

Our analysis of the chiasma frequency in the long arid medium type of bivalents 
shows a real and significant difference In form ' B’ 6 6% of long bivalents have a 
chiasma frequency of 4, whereas the maximum number of chiasmata in form ‘A’ 
in their longest bivalents is 3. Similarly, m the medium type of bivalents form ‘B ’ 
has a much higher percentage (4 0%) of bivalents with 3 Xta as compared with that 
of form ‘A’ (0 6%) In order to avoid error of comparing chiasma frequencies 
under different conditions, both the forms were again collected and fixed on the 
same day and the frequencies of chiasmata for long and medium bivalents at 
diplotene were determined. A large number of nuclei were examined and the 



ON THE GENUS PHLOEOBA (aCRIDLDAX). 


19 


results agree with our previous observations, when the studies of the two forms were 
done separately (Table VII) A difference in the nature of the length-frequency 



o 1 2 s 4 s 

LENGTH OF CHROMOSOME 


Gram 1 Showing ihiomotsomo length and clnagma frequency relationship in the two forms 
of Phloeoba sp 

curve in the two forms as is shown m graph 1, is tho result of the above facts, 
beoause for the same length of the chromosome, form ‘B’ has a definitely higher 
chiasma frequency for long and medium bivalents 

Tabik VII 

Chxaema frequencies in the long and me hum typed of bivalents at diplotene in forme ' B' and 'A-'. 


Forms 

j Long typo. j 

| Medium typo 

1 Xroa 

2 Xta 

3 Xta 

4 Xta 

1 Xma 

2 Xta 

3 Xta 

‘B’ 

00 

30 0 

57 3 

60 

50 3 

45 7 

40 

‘A’ 

29 

49 3 

47 8 


49 1 

60 3 

06 


A difference in the terminalisation coefficients between the two forms is also 
quite clear. The long bivalents in form ‘ B ’ show a statistically significant difference 
( 15± 03) between the terminalisation coefficients at diplotene and metaphase, 
whereas form ‘A’ does not show any Buch difference 

How far chiasma frequency can be taken as meiotic constant for a particular 
species we do not know as yet A large amount of work on closely related species 
and varieties occurring in the same locality is needed before we pass any final judge- 
ment on tiie point. Similar ity of chiasma frequency does not of course show phjdo- 
geuotio relationship but whether such differences as we have noted above can occur 
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in two vanetiee of the same speciee, we cannot say just now. At least here is a ease 
where two closely related forms have revealed a constant oytological difference in 
their chiasma frequencies where accurate metrical studies of thMhromosomee have 
failed to show any such difference 

SUMMARY 

1 Two closely related forms of grasshoppers belonging to the genus Phloeoba 
were discovered and a study on the chromosomes behaviour was undertaken In 
order to determine, if possible, any constant oytological difference between them 
correlated with their morphological difference 

2 Number, size and the morphological features of the chromosomes in the 
two forms are almost identical 

3 The long and medium bivalents of forms ‘ B ’ definitely show a higher ohiasma 
frequency even when the forms are studied under similar condition of temperature 

4 It has been pointed out that without extensive studies between closely 
related forms of grasshoppers, the full implications of the above findings cannot 
be realized 
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Introduction 

Like other Mahseers, the Copper Mahseor, Barbus (LissochUus) hexagonolepis 
McClelland ia a popular game fish and according to Shaw and Shebbeare (1938, 
p. 38) weight for weight, there is nothing to choose between this and the deep- 
bodied Mahseer, Barbus (Tor) tor (Hamilton) The Copper Mahseer, during 
breeding season is known to go to the higher reaches for spawning purposes but the 
reoent researches (Hora and Ahmad, 1946) have Bhown that this Bpeeies can be made 
to breed m tanks also and can also be stripped Like Trout, the Copper Mahseer 
can he stripped and like Mirror Carp it can be induced to breed m tanks If the 
fish is not stripped m time, it deposits its ova m suitable place in the tank. Theo- 
retically, once a tank is properly stocked with this fish and suitable conditions for 
its breeding provided, one needs only to thin out his stock from time to time 

Although the fish is well known for its sporting qualities, nothing is known about 
its development Recent articles of Hora and Nair (1943), Hora (1944), Langdale 
Smith (1944) and Hora and Ahmad (1946) have, however, thrown some light on its 
breeding habits 

In the present article a short account of the early development of the fish, 
based on the study of material obtained as the result of artificial fecundation, is 
given 

My thanks are due to Rai Bahadur Dr S L Hora for givmg me facilities for 
carrying out this important piece of research and to Messrs S K Chakraborty and 
Reza-ud-din Khan of the Directorate of Fisheries, Bengal, for supplying me some 
developmental stages and also information on certain points 


1 Though popularly known as a variety of Mahseer by anglers, it is not a true Mahseer as Its 
labial groove is interrupted m the middle It is a fish of the Barbel type 
* Published with permission of Direotor of fisheries, East Bengal. 

VOL. XIV— No. 1. 
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The material for the present study was obtained as the result of artificial ferti- 
hzation, exoept the larva described as stage No 15, which was collected from the 
terraced pond at Kalimpong The first 12 stages deBcribecMffl‘ r 'this paper were 
collected from Rung lee Runghot in 1945, while the stages Nos 13-16, were obtained 
from Kalimpong in 1946 

In 1945, the fertilized ova (Hora and Ahmad, p 6) were transferred to hatching 
trays, which were kept in a shallow pool with a gentle, continuous flow of water 
At Kalimpong two types of hatching trays were used, i e , (i) ordinary trays, with 
fine wire-gauze as their bottom, and (u) trays with wooden bottom instead of wire- 
gauze The first category of trays were internally lined with mosquito curtain so 
that the ova by coming into direct contact with the wiro-gauze may not get injured 
and also that silt may not get into trays and produce unhygiemo conditions In 
the trays with wooden bottom pebbles of various sizes were spread in order to provide, 
as far as possible, natural environment for the development of ova and larvae Both 
typos of trays wore m turn placed in a big wooden trough and a continuous current 
of water was set in it Near the entrance of the trough a break plate was fixed so 
as to break the force of the current as soon as it entered the trough The trough 
was water-tight so that some water always remauied in it and at no stage was there 
any chance of its drying up At the bottom of the trough near its outlet an opening 
was provided for cleaning the trough , this opening could be controlled and regulated 
by a wooden plug 

Spawning Season 

The factors favouring spawning have already been enumerated in an earlier 
article (Hora and Ahmad, p 6) It was observed (loc ctt , p 7) that its breeding 
season had been recorded to be May June by some and August-September by others 
But the recent observations made at Kalimpong reveal that the breeding season 
of the fish extends from April with interruptions to October 

The tank at Kalimpong is situated at an altitude of about 3,500 feet The first 
sign of sexual exoitement of the fish m this tank was notioed on the 28th of April 
1946 and the fish were caught and stripped on the 30th April The maximum 
atmospheric temperature on the 30th April was 81 °F and the minimum was 6B°F 
while that of water ranged from 77°F to 67°F during that day There was no ram 
on the 28th and the 29th April while local observatory recorded 0 53' rainfall on 
the 30th April After the 30th April the fish did not show any Bign of sexual activity 
for about four months but it was renewed again in September and that month was 
found to be tho peak period in the spawning of Katli at Kalimpong as shown in the 
table below — 

Temperature Atmospheric 

Number Number of water on temperature 

of mules of females the duy on the day 

with size with sizo 

8am 5pm Mux Mm 

Two, 10' One, 21,' 75°F 8»°F 81°F 71 6°F 

and 1-' 

One, 7' Ono , 1 2' 73 5*F 76 8’F 80°F 72 0 F 

Two, 12' Two, 2,' 

and 16' and 21' 

One, 12' One, 1«' 71 °F 76°F 78°F 70°F I 0 40' 

Two. 8' One, 17' 70 5°F 72 6°T 77 S°F 66 6°F Nil 

and 10* 
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On the other hand, at Runglee Rung hot, as has been stated in the previous 
article (Hora and Ahmad, p 6), the fish were stripped on the 8th, 9th and 24th 
August and 1st and 10th of September It follows from the observations recorded 
during the last two years that although the peak period in the spawning of this 
fish is August and September, it begins to shed ova from tho month of April Further 
observations at different altitudes will show whether the breeding season extends 
right from April to October or during some of the months there ib no sexual activity 

Ovaries and ovarian ova 

During the breeding season ovaries contain innumerable ova in various stages 
of development A Katli caught on the 11th August, 1945, from the terraced ponds 
at Runglee Rangliot (Diet Darjeeling), measured 21 m length, weighed 3$ lbs 
and possessed ovaries, each measuring 4 5 inches in iongth and weighing 4 tolas 
(approximately 1 7 oz ) Another Katli socured from the same pond and on the 
same day, had ovaries weighing 2 J tolas (approximately 1 oz ) and 4 inches m length 



The ova obtained from those ovaries wore of various sizes (Text-fig 1) suggesting 
that all the ova in an ovary do not become ripe just at the same time. 

Ripe unfertilized ovum 

At the time of shedding, the ova are almost translucent and yellowish in colour 
These are spherical in outline and measure from 2 3 to 2 5 mm m diameter They 
are demersal and settle down at the bottom, when shed m comparatively still water 
The yolk is devoid of oil-globules and the ovum is closely surrounded by a single 
thick egg-membrane 

Embryonic development 

Stage 1 — Fifteen minutes after fertilization The ovum collected fifteen 
minutes after fertilization shows a thin blastodiso at the animal pole (Text-fig 2o) 
The periphery of the disc is thinner than the central portion and from its study it 
appears that cytoplasm in the yolk has concentrated to form this mass It is 
spherical in form and measures 1 2 mm m diameter in the specimen under report. 
The egg-membrane is separate from the egg proper and the small peri vitelline spaoe 
id fall of imbibed water, 
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Stage 2 —Two hours and fifteen minutes after fertilization (Text-fig 26). The 
blastodiso is more condensed and prominent It is shorter m diameter than in the 
earlier stage 



Stage 3 —Three and a half hours after fertilization (Text-fig 2c). The germinal 
disc has divided into almost equal halves Each blastomere has rounded outer and 
straight inner margins The cleavage of the blastodiso appears to have been almost 
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complete. The free edges of the blastomeres are quite prominent At the bases 
of the blastomeres, there is a layer of thin protoplasm 

Stage 4 — Five and a half hours after fertilization (Text-fig, 2d) The blasto- 
derm consists of 8 blastomeres From the study of a number of ova of this stage, 
it appears that before the blastoderm divides into 4 cells, third set of furrows makes 
its appearance with the result that the ovum comes to consist of 8 blastomeres 



Text-tM 3 — Embryo formation in Barbui (LutoeMus) hexagonolepts McClelland. X 20 
(a) Egg Showing formation of geraa-rwg. 

(h) Egg showing differentiation of embryonic shield 
(o) Further stags in the formation of embryo 
id) Embryo showing otooysts, eyes, somites, eto 
(«) Embryo 62} hours before hatohwg. 

e , — Eye, to. — Embryonic area; -tea.— Extra embryonic area, «/ — Embryonic 
fin-fold i emi.— *Embryo , gr — Germ ring, m.— Egg membrane, ot— Otocyat; pp.— 
N Posterior pole of blastoderm, «. — Somites, yp.— Yolk-plug 
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The protoplasm surrounding the cells is reduoed and the oeDs stand out more pro- 
minently than in the last stage The blastomeres are much smaller than those in 
Stage 3 In some cases, it is notioed that 4 blastomeres resulting from the division 
of one of the blastomeres of the two-celled stage, remain quitfeesfar&te from those 
of the other 

Stage 5 — Seven hours after fertilization (Text-fig. 2e) There is no regular 
arrangement of blastomeres Eggs with 12,17 and 1 8 blastomeres are fairly common 
although a few possess 16 blastomeres also There is not much trace of the proto- 
plasm surrounding the blastomeres 

Stage- 6 — Twenty-five and a half hours after fertilization The blastomeres 
have divided and subdivided forming a mass of smaller cells, which have covered a 
greater part of the yolk than in earlier stages 

Stage 7 — Forty-two and a half hours after fertilization (Text-fig 3a) The 
blastoderm has covered almost half of the yolk The free margin of the blastoderm 
has become thickened to form a band-like thickening, the germ-ring (gr ) At one 
point the germ-ring is thickened and broader, tins represents the posterior pole 
(pp ) of the blastoderm 

Stage 8 — Forty-eight hours after fertilization (Text-fig 36) The blastoderm 
cells have covered more of the yolk than in earlier stages At this stage only about 
one-fifth of the yolk remains exposed The embryonic shield is well developed, 
it is triangular in outline and is distinguishable into two parts, (1) a thickened ndge 
running antero-postenorly, representing the axis ( ea ) of the embryo, and (2) a thm 
sheet of protoplasm representing extra embryonic area (eea ) 

Stage 9 — Fifty-seven and a half hours after fertilization (Text-fig 3c) The 
blastoderm has completely grown round the yolk mass and the blastopore is closed 
The embryonic axis is more developed and it extends about two-thirds along the 
circumference of the yolk The region of the closed blastopore has thick mass of 
tissue while anteriorly the embryomo area becomes narrow and ends bluntly 

Stage 10 -Eighty-one and a half hours after fertilization (Text-fig 3d) The 
embryo is well defined and is closely attached to the yolk The rudiment of eye 
(e ) is present but so far there is no pigment in it Otooysts (ot ) are present. 
Somites (a ) are distinguishable in the middle of body 

Stage 11 — Ninety hours after fertilization The embryo is slightly more elon- 
gated than in the last stage Head cavities are quite prominent The embryonic 
fin-fold is present in the form of a narrow fold surrounding the tail and extending 
forward both along the dorsal and the ventral sides of the body 

Stage 12 — One hundred and twenty hours after fertilization (Text-fig 3e) 
The lens of the eye can be seen The head cavities are not so prominent as in the 
last stage Tho fin-fold is more developed Behind each otocyst, there is seen a 
rudiment of a gill-sht Pectoral fin appears as a small bud behmd each gill-slit 


Larval development 

Stage 13 — Newly hatched larva Six days after fertilization (Text-fig. 4a). 
The newly hatched out larva is almost colourless It possesses deflected head, 
ventral mouth, elongated yolk-sac, bud-like pectoral fins (pf ), otocysts and rudi- 
mentary gill-slits It measures about 6 2 mm in length The first batch of larvae 
hatched out at 103 $ hours and the last one at 190 hours after fertilization of ova 
Stage 14 — Six days old larva (Text-fig 46) The larva has grown in length 
to 9 3 mm The continuous fin -fold (ef ) is quite wide and is muoh more developed 
than in the early stage The an tenor-most part of the fin-fold on the dorsal side 
has beoome enlarged to form the rudiment of the dorsal fin (df ) The postenor end 
of the notochord has bent upwards In the caudal region, rudimentary rays have 
made their appearance in the fin-fold The eyes have developed pigment Pigment 
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is also distributed on the head and along the body, more so immediately below the 
notochord than above it 




Text no 4 — Larval development of Barbu* (Liwochtlu*) hexagonoUpvi McClelland 

(a) Newly hatched out larva xl2J 

(b) Six days old larva X 12J 

(o) About one month old larva, x 8$ 

af — Anal fin fold , dj — Dorsal fln rudiment , «. — Eye , e/. — Embryonio fin fold , 
pf, — Pectoral fln, ys — Yolk sac 


Stage 15 — Larva measures 1 ^ cms in length (Text-fig 4c) The eyes and 
gills are well developed, dorsal fin (df ) Is more prominent, yolk sac is reduced and 
the anal fin (af ) has made its appearance 

The above specimen was oollected last year from a tank at Kalimpong and 
according to the statement of the owner of the tank, it is about a month old Since 
there is no definite evidence to prove the statement, nothing much car be said on 
this point 


Summary 

Barbtu (Luiochttut) htxaqoncltpia McClelland can be stripped like Trout and by providing 
suitable conditions can be induced to breed in tanks like Minor Carp 

The fish breeds from April to October but the peak period reaches in August and September. 
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Sometimes ripe females yielded relatively few ora at a time by s tri pp in g although innumer- 
able ova in various stages of development were found in the ovaries. It follows that all the 
ova in on ovary do not become mature at the same time 

Ova are typical like thoBe of other carps Blastodisc appears IS somites after fertilisation, 
2 ceiled stage la formed 3} hours after, 8-ceIled stage 2 hours later and 'the oella become an 
irregular mass 7 hours after fertilization Germ ring makes its appearanoe when the ovum is 
about 42} hours old At this stage tho blastoderm has invested about half of the yolk Forty* 
eight hours after fertilization, only j of the yolk remains exposed and the embryonio shield 
is well developed and is distinguishable into an embryonic and an extra -embryonic area 

The embryo becomes well-defined when it attains an age of 81} hours At this stage 
the rudiment of eyee, otocysts and somites are clearly visible Embryonio fin-fold appears 
about 90 hours after fertilization and lens of eye as well as rudiment of giu slits appear 30 hours 

Incubation period was found to vary from 103} to 190 hours in different cases. Newly 
hatched out larva is almost colourless, possesses deflected head, elongated yolk sao, bud-like 
pectoral fins, gill slits and otocysts 

The antenormost part of the fin fold becomes enlarged to form the rudiment of the dorsal 
fin, posterior part of the notochord bends upwards, rudimentary rays make their appearance 
and eyes develop pigment when the larva becomes 8 days old 

In about a month old larva, eyes, gills, dorsal fin and rudimentary anal fin are dearly seen. 
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Abstract 

This work examine* the possibility of slow homologous LOntrartion of stars under quite 
general physical conditions, and obtains the restrictions necessary on the relation between opacity 
and sub-atomic energy generation, as also on tho density temperature field Somo properties 
of the stellar models that satisfy these conditions have been investigated , and a tost with the 
conditions shows the impossibility of such contraction by a strictly Cowling mode) 


§ 1 Introduction 

In the current theories of evolution of stars the slow homologous contraction 
of stellar configuration plays an important r61e The different stages of evolution 
are supposed to be attained by a stellar mass through contraction of this nature 

The possibility of such change was examined by L H Thomas (1930) several 
years ago He came to tho conclusion that slow homologous contraction of stars, 
m which there is no sub-atomjc energy generation can take place only when the law 
of opacity satisfies eeitam condition, Kramer’s opacity formula conforming to this 
condition Further, the density and temperaturo fields should be subjected to 
additional restrictions To all this must also be added the condition for the stability 
of the entire configuration In view of the definite knowledge about the generation 
of sub-atomic energy within a star, which we now have at present, it is necessary 
to examine the question of homologous contraction from this point of view again 
The object of this paper is a discussion of this problem Tho addition of a law 
of generation of energy complicates the original problem Nevertheless, it is shown 
that under very plausible assumptions (regarding the opacity of stellar matter and 
generation of subatomic energy), quite definite conclusions can be reached. We 
have not, however, made any attempt to consider the stability problem here 


§2 Equations of homologous change 

Thomas’s discussion of the problem is based on the idea that the acceleration is 
negligible and the instantaneous configuration of the star is one of statical equi- 
librium, so that the stellar mass at any time is subjected virtually to the equations 
of mechanical equilibrium The infinitely slow disturbance of the mechanical 
equilibrium is supposed to be brought about by thermodynamic causes It is the 
thermodyn&mio equations which contain the time dependent terms whose varia- 
tion, however, is taken to be extremely slow. We adhere to the same concept in 


* Some result* of this paper were reported at the Thirty-fourth Annual Session of the 
Indian Soienoe Congress ahii an abstract appeared in the Procttdmgt (Section— Physics, Sub- 
section-Astrophysics). 
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our present discussion and wiite the general equations of the mechanical motion 
(radial) as follows 


a being the mass enclosed within a shell of radius r 
The equation of energy is 

/TO 9F , 


( 2 ) 


(3) 


8 being the entropy F the rate of flux of energy and * the rate of generation 
of sub atomic energy per unit mass With Thomas we negleot r in equation (1) 
The total pressure is given by 

P = RpT+aT 4 (4) 

The left hand side of equation (3) implies the rate of increase of heat energy within 
a spherical shell of thickness dr while the right hand side stands for the inorease 
of energy in the shell due to net flux of radiation across the boundaries and the 
sub atomic generation of energy 

To these we add the following thermodynamic equations 


T ds = dU+Pd(^j 


(5) 


Also F is given by 


U 

F 


C, T+ 1 al * 

P 

lOrfiac H 3? 4 
~ 3 k * dm 


( 6 ) 


( 7 ) 


The Beven equations (1) to (7) are sufficient to determine the seven quantities 
rPpTSFUaa functions of m and t (« and k being supposed known functions 
of p and T) under given initial conditions It is evident that a further restriction 
on motion wiU make the problem over determined and consequently solutions oan 
exist only under special conditions 

The condition of homologous contraction (or expansion) can be introduced by 
the equation 

r(m t ) « r c (m) f(t) (8) 

m - 1 

We shall now investigate what special conditions should be satisfied m order that 
equations (1) to (7) may have solutions of the type (8) 

Thomas proved that equations (1) (2) (4) (5) (6) will be consistent with (8) 
only when the following conditions are satisfied 


Po(m) 

P “ ~pT 

(8A) 

rn To (*») 

~T~ 

(8B) 

P Po(>») 

/ 4 

(8C) 

8 - (3R-C t ) f j 

(8D) 
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where the suffix 0 indicates value at t — 0 and /' signifies dfjdt The equations of 
tins section were all given by Thomas 


§ 3 Homologous change under sub-atomic enebgy Generation 


In order to facilitate our discussion we assume that k and < follow power laws 
in p and T (the assumption being a plausible one), which we write thus 


*-* {$ T - 

(9A) 

(fi)’ T ' 

(9B) 

In what follows we shall write 


* (&)V-a 


and 


c GW 



Eliminating F between (3) and (7), substituting for k and « from (9), and using 
relations (8), (8A), (8B), (8D), whioh still remain valid, we obtain 


T 0 .(3R-C V ) 


d / 16v*ttc V dT 0 * \ «p 

dm \ 3 to dm J yp 


To draw further conclusion from this we use the following 


(lb) 


Lemma If 

*i(») fi(t) = 4 t (m) Ut)+4 s (m) f s (t) (11) 

where <f >’ a and /’ s are (contmuous and differentiable) functions of m and t res- 
pectively and neither of them vanishes, then either, 


and 


or 


flit) - A h(t) = B /„(<) 


Case II 


and 


<m A <f>i(m) = B <f> 3 (m) 


A and B being constants 

The result is almost evident and is easily proved as follows 
Dividing (11) by <f>i, and differentiating with respect to m we obtain 


d 


(s) **£&) 


/s “ 0 


(HA) 
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The left-hand side being function of t only, and right-hand side bemg function of m 
only, both members must be constant Hence 

ft = const /* = g ft (say) , . (13) 

substituting in (11) and dividnig by/* <f> j, we have 


Case II is identical with case I, only the <f> functions now play the r61e of the 
functions f of Case I Analytically, it corresponds to the condition 


/•ft*)- o 

dm \0j/ 


in (11 A) Our lemma is thus proved 

Now coming back to our equation (10) and assuming 3 R C Vt this bemg main- 
tained throughout this paper, we note that it is of the form (11), provided ty^O 
Accordmg to the lemma proved above we must have, either, 

w hp-p «”> 

and 

n - 1 d f 16 ** 00 r «> 4 .... 

T„<3*— ft) -j- ^(- 3 - -^r)+B 0 > W 

/IH T , 3 » C1=at i ISiritac d (r 0 *dT 0 *\ t 0 

(II) T 0 (3R—Cu) =* j- ■ -y- ^ - -g- .. (19) 


/* r > 

In Case I we have from (17) 

•^0 = ^o> J* " 


( 20 ) 
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and 


r r ' 


H <m v implies kt must be some power of pjT a 
From (17A) we obtain, using /(0) = 1 


f' = A l 0 2-v) 


(17A) 


(17B) 


/' — A 0 P-* 


(170) 


/=[(v-iM 0< +ir 1 


(17D) 


We can now confirm that our assumption of f bemg a small quantity of second 
order is legitimate If A 0 is a small quantity of the first order, /' will also be so, 
while / will differ only slightly from unity, so long as t is small compared with 1 /A 0 
In that case f, which is proportional to/', will mvolve A*, and will be of the second 
order 

Continuing our discussion of Case I, wo noto that Equation (18) imposes a 
relation between T 0 , P 0 (the values of T, and p, at / = 0) To obtain T 0 , P 0 as 
functions of m completely we have to use equations (1), (2), and (4) with P 0 written 
for P, and similarly for other variables The equations in P 0 , P 0 , T a , r 0 will then be 



( 21 ) 


( 22 ) 


P 0 = fJP 0 ro+| 


A* T 0 (3 R-C v ) 


d f lMic Tt dT t\ 
dm\ 3 ko dm) *° 


(23) 

(18A) 


Theeo equations are oo- variant with regard to transformations (8), (8A), (8B), (8C) 
In case of (ISA), A 0 , is transformed as 


/"- 1 

Hence the mass, density and temperature fields have the same structure at all 
times (whioh is only a property of the homologous ohange), only the parameter, A, 
changes from epooh to epoch 
In Case H, we have 

C fPo\ 


(3 R-C v ) T 0 = 




T* 


(24) 


which if 65^0, imphes a polytropio relation between P 0 , and T 0 Moreover, the 
initial distribution will then be determined by (21), (22), (23), and the first equality 
of (19) which we rewrite here as 


A x (3 B-C,) T 0 


16 itoc d( r \_ 

3 dm\ko dm) 


( 25 ) 


Honoe the Case II for 6^0 requires that (21), (22), (23), and (25) should hold good 
for a polytropio relation between P 0 and T 0 
i 
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It is proved in the appendix that these conditions cannot he satisfied, and so 
the case o^O, has to be ruled out We are thon left with the case 6*0 (24) 

then gives 


6 * 0, n = 1 indicates generation of sub atomic energy proportional to the tempera 
ture Equations (21), (22), (23), (26) then determine the initial configuration while 
/ is obtained from (20), puttmg therein /a = 1 The case * «a 0 has not been moluded 
m our discussion The case was considered by Thomas without assuming a definite 
law of opacity, like (9A) He showod that if « => 0, then for homologous motion 
to be possible 

*-/(£) 1 ’ «w) 


This lndudes (9A) as a particular case Further, the initial distribution at any 
epoch should be determined by equations (21), (22), (23) and (26), only k 0 m (26) 
should then mean f(PolT\)T~ ¥ The form of fit) is determined by Equation (17A) 
Equations (21), (22), (23), (25) require four boundary conditions to determine the 
configuration completely, and we can take the following as the boundary conditions 
dT 

r = 0, -j- — 0 whan m =0, and 1 = 0, p = 0 when m = M (the total mass) 
dm 


Thus the knowledge of M and A x determines the configuration uniquely 

It may now be noted that the case «oc T, can be treated exactly m the same 
manner By transposing « ( = B 1 ) to the left hand side m Equation (10) we find 
that lc must necessarily he of the same form as (90) The same differential equations 
and the same boundary conditions as before determine tho configuration here also, 
only fit) is now given by 


f 

P 


Ao.B 

P + f 


instead of by (17A) 

By oomparmg the results stated in the above two paragraphs we may conolude 
that two stare of the same mass and having the same law of opacity, but with no generation 
of energy »n one, and generation « oc T in the other, when contracting homologously mU 
pass through the same set of configurations though at different rates 

In what follows we summarise all the other results obtained in this section 
With restrictions (9A), and [9B), a necessary condition for slow homologous contraction 
of a star composed of perfect gas is 

Firstly, any one of the following conditions should be satisfied 


( 1 ) *« 




5 being any number , 


(2) « oc T , 


(8) t-0 

Secondly, corresponding to every k and « conforming to any of the above conditions a 
definite distribution of mass, temperature and density should prevail, viz , those dis- 
tributions given by (21), (22), (23) and (18A)for case (1), and by (21), (22), (23) and 
(26) for cases (2) and (3) 
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§ 4 Ghangb in Luminosity undbb homologous contraction 

We can oaloulate the change in the luminosity of & star whioh is undergoing 
homologous change It has been previously shown that in such a star for the case 


-(ft)* 

the relation 


from Equation (18) we ean obtain the relation 


(26) 

Substituting from relations (8) (8A) (8C) (17A) and then integrating from to ■= 0 
to to ™ M (the total mass of the star) we obtain 


(3 R-C v ) 1 dm 




t l 8 n*uc 
— 


£ **11 + , 
k dm},/ ] 


The first term on the right hand side is —Fm where F M means the rate of total flux 
of radiation at the surface and represents the luminosity of the star So we obtain 
from the above equation 


F" =» (Total sub atoimo generation of enorgy) — (3 R—O v ) 


(27) 


T being the mean temperature of the star but by (17A) 


L 

r 1 / 


A 


(27A) 


where A could mean the velocity of expansion at unit distance from the centre 
Hence we conclude that the Luminosity of a star undergoing slow homologous contraction 
exceeds the total sub atomic energy generation by —A (3R—C V ) T m We oan also 
directly verify that this last quantity is equal to the rate of decrease of total internal 
(i e thermal as well as gravitational) energy E of the star as follows 

Expressing tho mean temperature T m terms of the gravitational energy ~Q 
(Chandrashekhar 1938) and replacing R by (G r —C„) we obtain 


A (3 R-C,) T M~j - fe— - Q (28) 

Now 

E (total energy) = — Q (gravitational energy) + V (internal thermal energy) 


Henco 


dE 

n 


3(7 P — 4(7, 
3(6,— C.) 


r M 

3(7,— 4(7, y m dm f 
3(C„-(7,)J o r of f 



which taken along with (28) verifies our result 


( 29 ) 
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§6 A Pbofkrty of Homologous chahgi 
I ntegrating (26) from m = 0, to m = m we obtain 

A(SB-C V ) T(m) J ^+Tr *» (30) 

J o 

The corresponding equation in the case of equilibrium is obtained by replacing the 
left-hand side by zero The right-hand side represents the excess of net flow of 
radiation, across a sphere enclosing a mass m, over the sub-atomic energy generation 
within this mass The left-hand side can be interpreted as morease (or decrease) 
in equilibrium flux brought about by slow homologous contraction (or expansion) 
This is an extension of a result enunciated by Milne (1930), viz , that every 
element of mass of a star with no internal energy generation, while contracting 
homologously gains an amount of heat proportional to the temperature of the element 
This generation of heat, however, is to be sharply differentiated from the internal 
(or sub-atomic) generation of energy represented by c 
Now putting 

f « dm = E(m)* = (30A) 

Jo ^ 

we write 

[where E — E(M)], an obvious result which we shall use presently. 

Now, substituting 

f « dm - n{m) m 


in Equation (30) and dividing by (1), (remembering that f *= 0) we get 


4 vac 1 dT* E 
3 dP My V 


(31) 


here ij means i){m) (31) together with (1), (2), (4) may now be taken as equations 

defining the configuration of a star (with given k, *, A 0 , M) undergoing slow homo- 
logous motion It should be noted that A and E in (31 ) are parameters varying from 
epoch to epoch We write Equation (31) in the form 


where 


k t,— { kT{m) . . . (32) 


R+ W 1 

1 Avacy if 

r 3(311-0,) 
* " 4 ttacy 


} 


.. (32A) 


* These B't are different from the one occurring in the previous article, 
t This B u entirely different from B occurring in f 3 
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£, which Involves A, is a small quantity , henoe T(m) m (32) may he taken to be the 
equilibrium value of this quantity B and £ here are parameters depending on the 
epoch t 

We shall utilise Equation (32) to deduce some result m the next article 


1 6 A Homologously contracting model in the neighbourhood of the 

STANDARD MODEL 

Let us find the configuration which can undergo homologous oontraotion under 
the condition lc n oonst , and « = const (i e rj = 1) 

In this case the equilibrium configuration (corresponding to £ = 0 in (32)) is 
known to be the polytrop n = 3 Let us therefore seek an approximate first order 
solution of (32) in the form 

p = AT»+( (33) 


where A and £ may vary with timo We shall obtain A in terms of B and other 
parameters and also determine the form of <f(T) 

To the first approximation, Equation (32) can be written as (since rj = 1) 


Substituting for P and p from (4) and (33) respectively, and then equating coeffi- 
cients of £, we get 

R wn_ 4 m 


-RA+; 




1 


(35A) 

(35B) 


(35B) determines A, and T(*n) bemg known (as it corresponds to the equilibrium 
polytrop n mm 3) (35A) determines Therefore <f>(T) also becomes deter- 

mined m form Thus the solution of (32) for tho case k => const , and * «■ oonst 
becomes known Further in this case v » 0, so by relation (30A) E = Eq, and B 
is a time-independent constant, so also is A as is evident from (36B) Further from 
(27A) and (32A) we obtain 

£ ” Co / 

where 

3<3R-C.) 

* m itracy A ° 


and therefore £o is time-mdependent Thus in the p, T relation (33), A is an absolute 
constant, while £ slowly vanes^with^time We thus conclude that homologous 
config urations in tho neighbourhood of the standard model have their p, T relations 
governed by equations (33) and (35) 


§ 7. On A COMPARISON BETWEEN THE HOMOLOGOUSLY CONTRACTING MODEL AND 
A SPECIAL SET OF EQUILIBRIUM MODELS 

We have seen that given k and «, the equilibrium configuration and the homolo- 
gously varying configuration are given (m addition to a co mm on set of equations) 
respectively by: 

1 dT* 3 E_ 

k"2P~ M n 


(36E) 
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and 


1 dT *^_ 3 £ 

k dP ” Piracy ’ M 


3(3 R-O v ) 
Anacy 


A f(m) 


. (36H) 


(36H) has only a small additional term on the right-hand side over that m (36E) 
The quantity E in (36H) and (36E) involves the same constant C, occurring in the 
expression (9) for E Suppose now we think C to he different m the above two 
equations In (36H) we consider the fixed valuo of C, appropriate to the physical 
law In this equation E, as also A, will change from epoch to epoch (E «= Eo/f*, 
A = Aoff 1 ) In (36E), however, we shall suppose that for the moment E is 
being calculated from (9) in which 0 is now a variable parameter For different 
values of this parameter, E in (36E) will thus be different We now ask the question 
if m (38E) there exists a value E' of E corresponding to the value O' of (the variable 
parameter) 0, such that this equation may lead to the same solution as (30H) at a 
definite epooh at whioh E of (38H) is calculated from the fixed value of 0 appro- 
priate to the physical law, stated before E and A of (38H) varying slowly with 
time, our question means, if by changing E m (36E) (keeping the form of energy 
generation formula (9B) the same, but varying only tho constant factor C in the 
formula) it is possible that the equilibrium equation (36E) may give the Bame con- 
figuration as (36H) in which the right-hand side is slowly varying with time A 

E ositive answer to this question will mean that the successive configurations of a 
omologously contracting star will be the same as a set of equilibrium configurations 
obtained by quiokonmg up or slowing down the prooess of energy generation uni- 
formly throughout tho mass (by only slightly changing the constant term C in the 
energy generation formula) 

This would require 

E't] « Er]—(3R—Cv) X const x T 

as a necessary condition 
From this it follows 

t) ocT 

whioh leads to 


c oc T 


(£)V«c T 

This for b ^ 0 implies a polytropio relation Writing oonst x T for « m (18) we are 
led to Equation (25) (with T written for T 0 , etc ) Hence Equations (21), (22), (23), 
(25) (with noughts dropped) will have a polytropio solution , but this has been shown 
to he impossible m the appendix 
For leading to 

« = oonst X T 

as a necessary condition 

To prove the sufficiency of this condition let us put • 


in (38H) and 


« = C7.T 


« =>0' T 


In (30E). Than the two equations will be identical if 
C'-O— (3H— C,) A. . 


(87) 
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thus to every value of A, corresponding to an epoch, there exists a value of C'„ 
which makes the Equations (36E) and (38H) identical and sinoe the boundary condi- 
tions are the same the equations will have identical solutions 

Hence we conclude that under restrictions of energy generation and opacity 
represented by (9), %t w only when « oc T, that the successive configurations of a homo 
logously contracting star mil be identifiable with the equilibrium configurations obtained 
by only uniformly speeding up energy generation throughout the star tn a definite manner 


§8 The point source model 

We have so for dealt only with stars having continuous generation of energy 
We shall now consider the case of the point source model l o a star in which « *■ 0 
everywhere except at m =» 0, and 

ri6 n*ac r< dT*l » 

L~3~ ~k i^r_L 0 = 


Substituting from (8) (8A) (8B), etc , we find that E } v is independent of tune, 
also as 




it follows 


kh = Jfeo^o (38) 

whioh is a necessary condition for a point souroe model being suitable for homologous 
motion 


§9 Homologous contraction not possible for the Cowling model 

We now come to the discussion of the possibility of homologous contraction of 
the Cowling model with the law of opacity and energy generation given by Kramer’s 
and Bethe’s law respectively 

Inside the core which is in convective equilibrium there may be transfer of mass 
from one portion of the star to another If we neglect the kinetio energy of this 
mass motion as being of small order compared to othor energies we can write the same 
equation as (3) of §2, but we are to remember that here the value of F oannot be 
substituted from (7), as F is here not due to radiation alone but moludes energy of 
convection also 

The distribution of mass, density, and temperature within the core is assumed 
to be given by that of a polytrop n = for which 

T oc pi (39) 

and further we have the gas law (neglecting radiation pressure for the Cowling 
model) 

P = RpT (4A) 

this last equation replacing (4) of 1 2 , 

Equations (1), (2), (39), together with (4A) determine P, p, T, r within the core, 
and when these are obtained S, U can be determined from (5) and (6) 

If homologous contraction takes place we can deduoe from (1), (2), (4A), (5), 
and (0) the relations (8A), (8B), (8C), (8D) (the same results will be obtained if we 
use (4) in place of (4A), i e if we do not neglect radiation pressure) 

Now substituting from (8A), etc , m (3) we get 

<**- W T f— 55+* 
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jntegrating from m 


0 to the interface (denoted by ») 


F, =* J « dm—(3R—C v ) j] T 

-~J «• dm-(ZR~C v ) £ J 


1 o dm 


(40) 


F t , denoting the flux at the interface which should be the same whether the in- 
terface is approached from inside or outside 

We assume the energy production to be entirely oonfined within the convective 
core Outside the core where the equilibrium is radiative we have 


d /)<kr*oc rf dT*\ 
dm \ 3 k dm) {ZR ~ Cv) 


r 

f 


Integratmg this outside from interface t to m, and writing, T =* T 0 [J eto , we obtain 

j. (t 25 £ d -£) +r ‘ - < 3 *- c -> £ f T ° dm < 4i > 

Eliminating F t between (40) and (41), we get 

^ y -ji f • j,j T, *» (42) 


By the lemma proved in §2 we must have oither of the following as a necessary 
condition 

( 1 ) 

(2) J T 0 dm const xj E 0 dm 


(2) is obviously absurd as the uppor limit on the left is arbitrary, and (1) cannot 
also hold for the following reasons For Kramer’s law 


we have to put 


so that m order to satisfy condition (1) we must have 

(it being assumed that the generation of energy takes place only within the oon- 
veotive core) This is absolutely inconsistent with Bethe’s law of energy generation, 
whioh can well be represented by the law 


*acpT m 

where x may range from 15 to 19, we have to put 6 •= 1 It is moreover absurd, 
as for b > | the generation would decrease with rise of temperature 
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When the generation overflows the core we have Equations (3) and (7) holding 
for a portion outside the oore, whence the conclusion ft « v oan be drawn as m §3, 
or « oc T, both of which are excluded by the above arguments 

Thus a Cowlvng model w not suitable for homologous contraction irrespective of 
whether the generation of energy ta entirely confined within the core or overflows it. 

In oonolusion I desire to express my grateful thanks to my professor, Dr N R 
Son, for suggesting the problem and also for his constant interest and many helpful 
discussions 

Appendix 


We shall prove that the equations 

po = c t; 


,» M Mi W 


dm u 
4 j rrl P 0 dr 0 = dm 

where P 0 , P„i are connected by the relation 

P 0 = RP 0 T 0 +l aTo 

cannot have a physically possible common solution 
Proof Dropping noughts we get from (3), (4), (1) and (6) 


p 4 Hj* 


(1) 

(2) 

(3) 

(4) 

(5) 

( 0 ) 



(8) 



G BANDYOPADHYAY ON SLOW HOMOLOGOUS CONTRACTION OF STABS 


At this stage let us note the following as neoessary conditions for a possible solution 
( 1 ) As from (3) and (4) 




~3C j dr 


but as (ih)t m o must be finite (bemg the total mass of the star) 
ns J dT 


dTl 

d* Jr- 


s finite so that for n < 3 


must be finite that is 


must be positive and finite 
For n > 3 


(a.. 

ML 

must be positive and finite 

(n) (dl /d£) 2 = 0 for some finite positive value (T = T e ) of 1 Wo shall now 
show that (8) cannot satisfy these conditions We shall prove that in order to 
satisfy ( 1 ) b > 0 so that all terms m the numerator of the RHS of (8) become 
positive so that no positive value of T can make dT/d( vanish so that (u) oannot 
be satisfied Proof of b > 0 Case I n < 3 
To satisfy (i) 

either (1) A *= n+2 and A < 5 

or (2) A < w+2 and A = 6 

or (3) A =* »+2 and A = 5 

(2) gives n > 3 and (3) gives n = 3 So they are ruled out For (1) we got 

(dry b _ b 

U/r. 0 “X“»+2- i 
b> 0 

Case II n => 3 
To satisfy (i) 


?>0 


Casein n> 3 


(§)* -J>. 

6>0 

(^f (*+1)6 T 6 x +~b 2* A »+T* 


<»+l)A5T"-8+^(A-3+n) 
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bars to satisfy (i) 

either (1) 8— A— n m 0 and A <6 

or (2) A = 5 and 8— A— n>0 

or (3) A = 5 and 8-A-n = 0 

Gases (2) and (3) are ruled out as they give n < 3 and n * 3 respectively For (1) 

I?®* (?)}r-o = A=5+^“E >0 

Thus proving that 

6>0 

in all cases and thereby establishing our theorem 
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PARALLEL DISPLACEMENT AND SCALAR PRODUCT 
OF VECTORS 


By R N Saw, M A , Ph D Lecturer in Pure Mathematics, Calcutta University 
(Communicated by Dr N R Sen, D So , F N I ) 

{Received February 24 , read August 1, 1947 ) 

Abstract 

In this paper it is shown initially that the consideration of an arbitrary parallel displacement 
of a veotor in a Riomanruan space gives rise to an associate 1 parallelism depending on the change 
in the scalar product of vectors in a particular manner and some properties involving the two 
kinds of parallel displacements of vectors round an infinitesimal closed circuit are deduced 
The general form of a parallelism with symmetric connection is thon established from which 
Weyl’s parallelism is easily deduoed On imposing certain condition a connection between this 
parallelism and the Levi Civita parallelism is finally given tlirough the introduction of an ortho 
gonal ennuple in the space 

I Let us consider an n dimensional space with the hypotheses that the 
metrio of the space is given a quadratic differential form 

ds s = Qi) dxSdx’ (11) 

as m Riemaaman geometry, and that there is, m the space, a law of parallel 
displacement of a oontravanant veotor defined by 

dV'+r^Vrdafi-O (12) 

as in geometry with affine connection The covariant derivative of a tensor with 
respect to the Us or rather with respect to the parallelism (1 2) which we shay 
denote by the notation , (comma), is constructed in the usual manner, as for example, 
for a mixed tensor T^ k of the third order. 



so that the oovanant differentiation of the sum, difference, outer and inner product 
of tensors obey the same rules as ordinary differentiation 

The convention of summation with respect to indices, when they occur onoe 
above and once below, is followed throughout, but other £'a are retamed 

On account of the existence of the metric (1 1), the covanant and contravanant 
components of a veotor V are, as usual, derived from one another by 

V { = g,jV>, V* — i l»Vj 

and the scalar product of two vectors U and V is given by 
U*T, = U t V - 9<,U*ri - g*u ( v, 

It therefore follows from (1.2) that 

dV< - dfaV) = [fg -*lj] F'dz* = [nV , + ,-] F , dtf 
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Accordingly, 

dV { =TiV t dtf ( 12 ') 

where 

^-4+»V. " 3 > 

The equations (1 2) and (1 2') give the increments of the oontravanant and covariant 
components respectively of a vector F due to the parallel displacement (1 2) Sinoe 
we have identically 

tho parallelism (1 2) can as well be defined by (1 2') 

With the parallel displacement (1 2) we can associate another parallel displace* 
ment defined by 

dV'+T^V’d* =*0 . (14) 

where r 1 ^ is defined by (1 3). For the parallel displacement (1 4) we have 

dF, = J*F,d*» . . (14') 

giving the increment of the covenant component The parallelism (1 4) can as well 
be defined by (1 4') 

Using the notation, (semi-colon) for tho covenant derivative with respect to 
(1 4), it can be easily seen that 

• . (IB) 

Therefore (1 3) can be written as 

^ = ; • • <! 3 ') 

From (1 5) it is seen that the ohange in the scalar product of two arbitrary vectors, 
when the vectors are given the parallel transport (1 2) along any direction, is equal 
but opposite m sign to that when given the parallel transport (1 4) along the same 
direction Obviously, when the scalar product remains unaltered for either paral- 
lelism, the two parallelism become one and the same The square of the length of 
a veotor is of course a particular case of the scalar product 

It may be seen that the scalar product of two vectors remains unaltered when 
one of the vectors is given the parallel transport (1 2) and the other its associate 
(14) 

The relation between the second covanant derivatives of the g^’a with respect 
to (1 2) and (1 4) can easily be obtained from (1 3) and (1 5) It is seen that 

Therefore 

<**. n-1*. „-9 m. < %r, ,) 

= .. (16) 

2, Let 


(3.1) 



B. V 
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bo the curvature tensor formed with respect to (I 2) Similarly, let L* tjlt be the 
curvature tensor formed with respect to (1 4) It can then be seen from (1 3), 
(1 3') and (1 6) that 

/*-*•■ #+<&.. m(i%- r;)} <2 2) 

^Ujk~~Ajh — kj+g», »(P£— P£)} (2 2') 

Now if we put 

<*i£* = Itjpdsel 8x*. d# = 

then it is well known that di£* is the change in the contravariant component 
of a vector £ when the vector is carried by parallel displacement (1 2) round the 
infinitesimal closed circuit (dx, Sx) Similarly, d s £* is the ohange of the vector 
when taken by (1 4) round the same circuit 

Also, from the nature of the two parallel displacements, 

dxit = -L\. k i(U$ x \ drf. = -x; A ^Sx‘ 

It therefore follows that, for an arbitrary vector ij, 

Vt(di-d t )? = ( t (d 1 -d t )r h (2 3) 

And from (2 2) it follows that 

%(di-di)(* = {ga.ih-Vt t, M+ga, m (2 4 ) 

The geometrical significance of (2 4) can be seen as follows 
gtjPrfdxi 

ib the ohange of gjt£V> i e , of the soalar product of the vectors £ and if, when 
the veotors are given the parallel displacement (1 2) along dx. And 

(g^jk+gu, ^)£V«*' - -g m .ilZ)(' v ‘dx>$z' 

is the change m the scalar product of the vectors £ and if when*the vectors are 
given the parallel displacement (1 2) first along dx and then along Sx Therefore, 
the right-hand side of (2 4) giveB the change in the scalar product of the veotors 
£ and tj when the vectors are given the parallel displacement (1 2) round the closed 
circuit (dx, 8x) 

Hence, when a vector £ is given one of the parallel displacements (1 2) and (1 4) 
round a closed circuit (dx, 8x) in one sense and then the other in the opposite sense, 
the scalar product of the change of £ on account of such displacements and an 
arbitrary veotor ij is equal to, within sign, the increment in the scalar product of the 
vectors £ and if when the vectors are transported simultaneously round the circuit 
onoe, and this increment is numerically the same whether it is calculated with 
reference to (1.2) or to (1 4) 

This result is exactly what we oould expect from (1 5) and (2 3) 

Again let 

dV‘+A t tt V*dxi'=Q * .. .. (2 5 ) 

be any other parallel displacement, and be the curvature tensor formed with 
respect to this parallelism 
Put 

■* 8 ^. 



48 B S' SEN FABALLBL DISPLACEMENT AND SCALAB FBODUOT OT TKTTOB8. 


Then 



A geometrical significance of may be seen as follows Consider the scalar 
produot 

and let tho covariant and contravanant vectors be given respectively the parallel 
displacements (1 4) (i e , the associate of (1 2)) and (2 5) firstly along da and then 
along Sx So, for the general increment of the scalar product over these displace- 
ments, we have firstly 

And then 


Interchangmg j, k and subtractmg, by which the vectors aro brought back to the 
starting point round the infinitesimal parallelogram (da, Bx), we get by (2 6) 

8 *» 

3 Let 

v;,~i(r;+r;) . . ( 3u 

be the symmetric part of Similarly, let be the symmetric part of 

fj, Then from (1 3) 

V’ l p'=Vp,+W t (3 t *.<,+9<i.t) . (32) 

Now, consider the parallel displacement of a contravanant vector defined by 

4V'+V , H V*d*i rn 0 (3 3) 

and denote the covenant denvative with respect to (3 3) by the notation ( ) 

with a subscnpt It can then be seen that 


Vpt,i+Qtf,p “ — 

l^gpi.i+fap) = (g#), +(9ii)p— Ig^, i } , 

where j* [is the Chnstoffel symbol. Therefore from (3 2) we obtain 
(pg) 

But from (3 1) 

9p*.i+9tt.p+0pt,i {ffpt)<+(9it)p+(9ti)t . • (3 4 ) 

Hence finally 


( 3 . 5 ) 
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Thi* is general form of relationship of the parallelism (3 3) with the Levi-Civita 
parallelism m our spaoe. It is of course eviderit that (3.3) reduces to the Levi- 
Chvita parallelism on imposing the condition that the scalar product of two vectors 
remains unaltered when the vectors are given the parallel displacement (3 3). 

It is at onoe recognised that Weyl's parallelism is obtained from (3 3) by writing 
down his characteristic equation (Weyl, 1921), namely 

(0*<)r+flr*“ r = O 

and thus getting from (3.5) 



For the geometry of Weyl’s apace, as is well known, we have to impose the condition 
d8+Sd<u~ 0 

where S is the scalar product of two vectors and dS its change due to parallel dis- 
placement (3 3) of the vectors 

We now suppose that the parallelism (3 3) possesses the property that the 
length of a veotor remains unaltered when the vector is given this parallel displace- 
ment »» the direction of the vector Then (3 4) vanishes, that is, 

(?*),+ (*VV +( *r/>), 

- = 0 (3 6) 

Accordingly (3 5) reduces to 

■ ,37> 

The equations (3.6) and (3 7) can easily be deduced from one another 

4. We now propose to study the parallelism (3 3) defined by the property 
(3.8) from a different standpoint 

Let us specialise an arbitrary vector field ft, m the space by laying down the 
condition that the scalar product ft,F‘ remains unaltered when the arbitrary vector 
F is given the parallel displacement (3 3) m the direction of V while ft, is given the 
local displacement in the same direction Then 

or, (ft^F^-O 

(hp)j+(K)p - 0 . . (41) 

In order to obtain an explicit expression for the vL. let “ft, be n* functions 
of the it’s specifying n linearly independent vector fields and satisfying the condition 
(4 1), namely 

(%).+(“«,)* -0 



60 BN SUN PARALLEL DISPLACEMENT AND SCALAR PRODUCT ON VW3TOBS. 

If a A* denotes the oofactor of x h t in the determinant | “A* J divided by this determi- 
nant, then (4 2) gives 



It is evident that this expression of is so far independent of any metno of the 
space 

Among the possibilities of the expression of JT^ consistent with (3 1 ) and (4 3), 
we may mention the following 

»> d. - j* »r ■ < 2 » K, - j* S'+»i, • 

i 3 » 'W s? » d w &+»* 

where o^ ? is an arbitrary tensor which is skew in the indices p and q The auto- 
parallels are of course the same in all these cases as m the oaee (4.3) 

When the T’s are expressed as in the case (1), the parallelism (1.2) is the well- 
known distant parallelism or teleparallelism (Weitzenbook, 1023) for whioh 

a hfj = 0 , 2^-0 

where L U is defined by (2 1). The differential equations (1 2) possess, in this 
case, solutions which are linear in the V'b Also is the condition of oom- 

patabihty of the partial differential equations 

^*-0 . (44) 

We can therefore choose the solutions of (4 4) as the fundamental metric tensor. 
Obviously m this case I* m,T 1 ^ and the soalar produot of two vectors remains 
unaltered for this parallel transport 

When the parallelism (1 2) is defined by either of the cases (2), (3) or (4), we have 

%!+%.< -0 

and, if the gtj's are chosen as the solutions of (4 4), 

and the length of a vector remains unaltered when the vector is given any one of these 
parallel transports in the direction of the veotor 

5. Having obtained (4 3) we can find all the metrices compatible with (3 6). 

A particular solution of (3 6) is 

a A +/ VV (5!) 

where a and are any two of the numbers 1 , , n 

For, differentiating (5 1) and using the equations (4 2) and (5 1), it is seen that 
(3 6) is satisfied. 

On aooount of the linearity of the equations (6 1), the sum of any number of 
particular solutions, eaoh multiplied by an arbitrary constant, is a solution. Thus 
the most general solution of (3 6) is, the c’s being constants, 


(5.2) 
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The result (5 2) may also be obtained from the following consideration . 
When (4 1) is satisfied, the differential equations 


cP& i dxidx* 
dal +v J* < fa da 


0 


(5 3) 


of the autoparallel with respect to (3 3) admit the following homogeneous linear first 
integral (Eisenhart, 1927) 

dz* 

A* ^- = constant (5 4) 

For, differentiating (5 4) covariantly with respect to x k , multiplying by ckt/da 
and summing for k, we have, by virtue of (5 3), 


dafdx* 
(ht)k tote = 


Thus (4 1) is satisfied In a similar way, when (3 6) is satisfied, the differential 
equations (5 3) admit the homogeneous quadratic integral 


dxf dx* 
da da 


constant 


(5 5) 


The constant is here equal to unity, since a is the arc of the curve 

As m the last article, let *h t with their reciprocals a A ( , be n 2 functions which 
satisfy (5 4), namely 


dx * 
da 




where o* is an arbitrary constant. 

Putting a a cfi = 6*^, and substituting m (5 6) we obtain 


1 


This can be satisfied when g^ has the form (6 2) 

6. It was seen in the last artiole that when the integrals of (5 3) are 


the most general metrio satisfying (3 6) is given by 

ds'-C^X^X*, where X a = a h t dJ 

If we select one of these matrices, we can replace the A“’b by linear combinations of 
them so as to secure 

ds* = ^ (Z “ )8 


Therefore, when the parallelism (3 3) is defined by (4 3) and (3 6) and is compatible 
with a given metrio (1 1), we must have 


da 1 = gpjbPdx* (“*»<&*)*• 
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Hence 


This shows that a h t ’a form an orthogonal ennuple 

The parallelism (1 2) considered under case (1) of §4 together with (61) is 
E ms tern’s teleparallelism (Einstein, 1928) 

The parallelism (3 3) defined by (4 3) and (6 1) has been studied by the author 
(Sen, 1946) We may mention here a connection between this and the Levi -Ci vita 
parallelism 

If f‘ and fi are the contra variant and covenant components of a vector /, its 
components referred to the orthogonal ennuple, i e to the local system, are 


. /' - ]>«*'/« > /* " “ A '/« 

Let 

f a - (9 l} \V*dx’ a .h k . • - • (6 2) 

Then, if the notations 8 and d be used to denote respectively the increments 
with reference to the Levi- Cl vita parallelism and the parallelism considered here 
along an elementary path dx 1 , we have in consequence of (3 7) and (1.2), 

8 V'^dV'+f 1 , 8F, =» dVf+ff . .. (63) 


The equations (6 3) give the required connection, where, by (6 2), the compo- 
nents f a of the vector / measure the rate of change, with respect to the arc, of the 
scalar produot of the vectors V and dx when these vectors are given the parallel 
displacement under consideration m the directions of the vectors of the ennuple. 
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NON-STATIC ELECTROMAGNETIC FIELDS WITH SPHERICAL 
SYMMETRY 

By V V Narlikar and P C Vaidya 
(Received March 3 , read March 7, 1947 ) 

Abstract 


Of the field equations of eloctromagnetism in general relativity there is only one solution 
known of spherical symmetry, vis., the static solution for an electron. A new solution of 
spherical symmetry, which is non-statio in character, is given here. 


We consider here the usual field equations (Eddington, 1930) 

O v -\Og v = -6 ttT v , . (1) 

n H H ' ' 

where 

T v - —F V °F +J8 y F af> F . , . . (2) 

ft po * /i a ) 3 ' ' 

“ (Kp)y — (Ky),,, . (3) 

(4) 

and (W.+(U+l f »A = 0 W 

is the potential four-vector, J h is the oharge-and-current vector and F^y, 
the skew-symmetneal field tensor We proceed to obtain a non-statio solution 
of the form, 

da* ss — e* dr*—r* (d0*+ am*0 d^)+e Y dt «, . ( 6 ) 

A- A (r,t),y-y(r,t) 

A now solution satisfying the equations ( 1 ) is found to be given by 

e* = (i- y) \e y -*» 2 (l- 7 *))/* • (7) 

where / is an arbitrary funotion of m such that 

/(»*)-»»' (1-7) • • (8) 


In the above and throughout what follows an overhead dot denotes a differentiation 
with regard to t and an overhead dash denotes a differentiation with regard 
to r. The surviving components of 2^ are given by 


-TV 


i-7V' 


4 wtnr* 


,2V- 


m 

4wr«* “ 


( 9 ) 
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It is obvious from (7) that if 


d 

dr" 




dm 


0, 


(10) 

(ID 


m being considered, for the sake of definiteness, negative 

Since w» 56 0 and all other components of T* except the four given in (9) 
vanish it follows from (2) that 

F ta - 0, F u «= 0, F lt - e<A-rV2 F u , F lt = -F s * . (12) 

ThuB all the components of F^ y become known if J 1S and Fu are determined For 
the latter we have from (2) and (5), 



(F„)*+(F ia )* cosec* 8 =^1- 25"^ m'/in, 

(13) 


gg is „ Wii 
d<f> d6 

(14) 


i 1 

7 

p 

• (15) 



. (16) 

A complete solution of (3) and the last four equations is presented by 


where 

K x - 0, Kt m Lfa, K a m Lfa, Ki m 0, 

(17) 



(18) 


cosd sin (f+fi) . sm 6 cos (^+/3) 

** “ [1— Bin* 0 sm* (*+j8)]» * ” [1 -sin* 6 sm* (<f>+p)]* ’ 

(19) 

and 


(20) 



. (21) 

/3 is an arbitrary constant in (19) J 1 " is now given by (4) A particular solution 

has been already published by the authors (1947) 
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A REVISION OF THE GENUS PHYLL08TICTA IN INDIA. 


By G C da Costa and B B Mundkuk 
(Bead February 7, 1947 ) 

Thirty-nine species of PhyUoetxcta arc recorded for India (excluding one speoies 
from Burma) by Butler and Biaby (1931) and six more by Mundkur (1938) Of the 
latter, PhyUostxcta eolxtarxa on leaves of apple is stated to be a doubtful record by 
Upjpal in a personal communication Since then three more species, Phylloetxcta 
bacxUiformxe, PhyUostxcta evlata and PhyUostxcta zxngxberts, have boon added, to the 
Indian fungous flora, bringing the total, exoluding the doubtful and the Burman 
reoords, to 47 species In the collections at the Herb Crypt lnd Orxent , there were 
several undetermined specimens of which seven, on determination, were found to be 
new reoords and six to be so far undescribed speoies, whioh arc therefore proposed 
as new 

The genus is represented by 1,640 species in Saooardo’s SyUoge Fungorum of 
whioh 600 are considered valid by Ainsworth and Bisby (1946) Speoies are usually 
proposed as new in this genus on the assumption that there is host-specificity, but we 
nave, before proposing the speoies described in this paper as new, taken care to see 
that they did not match with the descriptions of any speoies reported on the host- 
family or order The total number now reoorded for India is sixty 

The genus has undergone considerable emendation since it was hrst proposed 
by Persoon Several species of PhyUoetxcta, for example, have been transferred to 
Ascochyta or PhyUostxctxna or other genera The species of this genus are parasitic 
on leaves and more rarely on stems, giving rise to spots of variable size and form 
Pycnidia are formed as minute, black, usually globose, or more rarely lens-shaped, 
hemispherical or suboonioal, bodies immersed in the host tissue They are thus 
subepidermal and orumpent, later slightly projecting above the leaf surface They 
may be with or without ostioles and are usually scattered over the spot or occa- 
sionally congested into a stroma Spores are produoed on lnoonspiouous sporophores 
within the pycnidia, they are simple, minute, oval, oblong to ellipsoid, hyaline or 
snbhyaline and one- celled Fifty spores and ten to fifteen pycnidia, both as to 
length and breadth, have been measured under a fluorite oil immersion lens in order 
to precisely determine their range and identity 

Of the 60 speoies recorded in this paper, we have actually examined only 66 
Among these, seven were without pyomdia or spores Some of these latter are type 
specimens and it is very muoh to be regretted that at present they are without thee* 
essential fructifications New reoords are indicated by an asterisk (*) 


PHYLL08TIOTA Persoon «t Champ Comeet. IV, p 147, 1818 
ex Fries Syet Mytol fl 627 

1. Phylloetjcta ambrosioldes Thuemen xn Instxtxdo XX VIII (46), 1881; 
Saooardo, SyU Fung iii, p 56, 1884, Butler Mid Bisby, Sex Monogr l, 
p. 160, 1081 

0b leaves of Chenopo dimm album L., MusSoorie (UP), 6 vin 1906, oolL 8 N. 

Mite*. ' 

VOL. XIV— -No. 3 


Linlithgow Llbrwy. 
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2 Phyllosticta baclUiformis Padwiok and Merh tn Mycol Pap Imp Mycol 

Inst vn, p 4, 1943 

On leaves of Chenopodtum album L Kamal (Punjab) 13 coll G Watts 

Padwiok (Type) 

3 Phyllostict a barleriae da Costa and Mundkur sp nov 

Spots circular, dirty white, amphigenous, pale brown underneath, roaolung a 
diameter of 2 mm Pyomdia oval, hypophyllous, brown, 62-03 p Spores hyaline, 
umoellular, oblong or elhptioal, 35/iin length and 2 to 3 p m breadth 
On leaves of Barlena sp , Dehra Dun (U P ), 17 xi 1903 

Maculae oirculares, sordide albidae, amphigenae, subtus pallide biunneae, diam 
usque ad 2 nun Pycmdia ovalia, hypophylla, brurmea, diam usque ad 02-93 p 
Sporae hyalmae, umoellu lares, oblongae verl elliptioae, 3 5 p longae, 2 3 p latao 
In folus Barleriae omusdam speciei, Dehra Dun (UP), 17 xi 1903 

*4 Phyllosticta bauhlniae Cooke tn Grevtilea hi, p 26, 1883, Saooardo, SyU 
Fung in, p 11, 1884 

On leaves of Bauhmta purpurea L , Pusa (Bihar), 21 ix 1908, ooll E J Butler, 
Bandra (Bombay), 13 1 1912, coll J P Dastur 

5 Phyllosdcta bischofiae da Costa and Mundkur sp uov 

Spots oiroular, numerous, amphigenous, dark brown, with a slightly raised 
margin, light brown on under-surface with a raised margin, and dark brown halo, 
gradually blending into the colour of the leaf, with a diameter of 8 mm forming shot 
holos Pycmdia epiphyllous, oval golden brown, ostiolate, 60 to 90 p m diameter 
Spores hyaline, umoollular, elongate, elhptioal, 6-8 p in length and 2-3 p in breadth 
On leaves of Btschojla sp Coots Munda, Wyanad (Madras), 22 xi 1909, ooll 
E J Butler 

Maculae oiroulares, frequontes, amphigenae, fusee brunneae plus imnusve 
eiusdem colons as folia, margine tenuiter olevato, subtus maculae sunt tenuitor 
brunneae, margine olevato atque corona brunnoa omatae , haeo vero oorona giadatim 
transit m foliorum oolorem Pyomdia epiphylla, ovalia, auree lutes, ostiolata, 
magnitudims 60-90 p Sporae hyalmae, umcellulares, elongatao ad elhptioae, 6-8 p 
longae, 2-3 p latae 

In foliis Bisohohae sp Coota Munda, Wyanad (Madras), 22 xi 1 900, leg E J 
Butler 

6 Phyllosticta buddleiae Sydow apud Sydow and Butler vn Ann Mycol xiv, 

p 183, 1916, Saooardo, SyU Fung xxv, p 64, 1931 , Butler and Bisby, Set 
Monogr i, p 160, 1930 

On leaves of Buddie ta sp Nalapam, Dehra Dun (U P ), 8 vn 1906, ooll E J 
Butler This is the type specimen but does not at present have any fructifications 

7 Phyllosticta butae Sydow apud Sydow and Butler in Ann Mycol xiv, p 180, 

1916, Saooardo, SyU Fung xxv, p 46, 1931 , Butler and Bisby, Set Monogr 
l, p 160, 1931 

On leaves of Buteu Jrondosa Roxb , Pusa (Bihar), 10 m 1911, ooll L S 
Subramamam (Type), Dehra Dun (UP), 9 ui 1937, ooll Azmatullah Khan 

8 Phyllosticta cajanl Sydow apud Sydow and Butler tn Ann Mycol xiv, p 178, 

1916, Saooardo, SyU Fung xxv, p 47, 1931 , Butler and Bisby, Set Mbnogr 
i, p 160, 1931 

On leaves of Cajantu cajan (L.) Mil lap , Muzaffarpur (Bihar), 2.x 1911, ooll 
E J Butler (Type), Pusa (Bihar), 3 vm 1936, ooll Azmatullah Khan 
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9 Phyllostlcta capparidlcola Spegazziii m An Mua Boc B Atres xx, p 331, 
1910, Saooardo, SyU Fung xxu, p 824, Butler and Busby, Set. Monogr i, 
p 160, 1931 

On leaves ol Capparvs sp , Burdwan (Bengal), 6 vu 1907 This specimen iden- 
tihod by Butler is at present without any fructifications 

1(1 Phyllosticta capparidis-htyneanae da Costa and Muudkur sp nov 

Spots circular to subcircular, greyish brown, with a dark brown margm, 3 mm 
in diameter Pyonidia globose, large, chocolate brown, epiphyllous, immersed in 
host tissue, 46 to 265 p m length and 31 to 228 p m breadth Spores hyalrne, uni- 
cellular, minute, elliptical, 2 to 4 p long and 1 to 2 p broad 

On leaves of Cappann hryncana Wall , Karwar (Bombay), x 1919, coll. L J 
Sedgwick (Type) 

Maculae circ ular os ad subcirculares, gnseo-biunneae, margwe irregular! lusoc 
brunneo, diam usque ad 3 nun Pycnidia globosa, ampla, badia, epiphyUa, immersa 
m textura plantae hospitao, magmtudine 46-266 p longa atque 31-228 p lata Sporae 
hyalmae, umcellularos, mmutae, olhptioao, 2-4 p longac, 1-2 p latao 

Li folns Cappandis hey noanae Wall, Karwar (Bombay), x 1919, log L J 
Sedgwick, Typus 

Three Hpecies of PhyUosltcla have been described on the genus < 'appans but this 
species is characterised by extremely large pycnidia and very small spores 

*11 Phyllostlcta caricae-papayae Allescher apud Hemungs, P tn Hedwtgta 
xxxiv, p 114, 1895, Sacoardo, SyU Fung xi, p 475, 1895 
On leaves of Cartca papaya L , Pusa (Bihar), 12 1 1936, coll T B Lai 

*12 Phyllosticta carissae Kalch and Cooke m Urevtlku ix, p 29, 1880, Saccardo, 
SyU Fung in, p 36, 1884 

On leaves ot Canssa epvnurum A 1)C , Dehra Dun (U P ), 8 vm 1995, coll hi J 
Butler 

13 Phyllostlcta chrysantheml Ell and Dearness in Cumdtau Hex Set v, n 267, 

1893, Saocardo, SyU Fung \i, p 472, 1892, Butler and Biaby, Set Monogr 
i, p 160, 1931 

On leaves of Chrysanthemum ap , Pusa (Bihar), 28 x 1910, ooll E J Butler. 

14 Phyllostlcta clerodendri Sydow and Butler tn Ann My col xiv, p 177,1916, 

Saooardo, SyU. Fung nv, p 77, 1931 , Butler and Bisby, Set Monogr i, 
p 160, 1931 

On leaves ol Vlerodendron sp , Nadiad (Bombay), 12 xi 1906, ooll E J Butler 
('Type) 

15 Phyllosticta cocos Cooke tn UrevtUta viu, p 94, 1880, Saccardo, SyU Fung 

m, p 59, 1884, Butler and Bisby, Set Monogr l, p 160, 1931 
On leaves ol Cocos nucxfcm L , Belgaum (Bombay), coll Hobson (Type) (We 
have not seen this specimen ) On leaves of Caryota sp., Dacca (Bengal), 28 vm 1910, 
coll A L Som 

16 Phyllosticta codaiaeicola DiecUoke a pud Sydow and Butler t» Ann Mycol 

xiv, p 184, 1916, Sacoardo, SyU Fung xxv, p 35, 1931, Butler and Bisby, 
Set Monogr i, p 161, 1931 

On leaves of Codtaeum sp , Ganeshkhmd, Poona (Bombay), 23 x 1905, ooll 
8 N Mitra This is the type specimen but there at present are no spores in the 
pyonidia * 
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17 Phyllostlcta coffeicola Spegazzim xn Rev Facvlt Agron Veter La Pluto , 1890, 
p 346, Saooardo, SyU Fung xiv, p 867, 1899, Butler and Bisby, Sex Monogr 
i, p 161, 1931 ^ 

On leaves of Coffea Ixbertca L , Vayatn, Malabar (Madras), 1 xH)04, ooll E J 
Butler, Koppa (Mysore), 15 ix 1903, ooll E J Butler Both the specimens are 
now without fruotifioations and Butler’s identification has been rehod upon 

*18 Phyllostlcta combretlcola P Hennings xn Verh Bot Ver Prov Brandenburg 
xxx, p 161, 1898, Saocanlo, SyU Fung xvi, p 832, 1902 

On leaves of Combretum omltfohurn Roxb , Dharwar (Bombay), 1918, ooll L J 
Sedgwiok 

*19 Phyllostlcta cucurbitacearum Saooardo \n Mxchelvi i, p 146, 1879, SyU 
Fung in, p 62, 1884 

On leaves of ( 'ncurbtia sp , Hyderabad (Dei can), 1946, toll S Vabeeduddm 

29 Phyllostlcta cycadina Passermi xn Rend R 4«W Lxncex Roma , 4 Ser , 
iv, p 04, 1888, Saooardo, SyU Fung \, p 124, 1 892 , Butler and Bisby, Sex 
Monogr i, p 101, 1931 

On leaves of Cycas sp , Pusa (Bihar), 14 vm 1916, Poona (Bombay), 0 vu 1908, 
ooll H M C’hibber 

21 Phyllostlcta desmodllcola Diadioke apxid Sydow and Butler in Ann 
Mycol xiv, p 178, 1910, Saooardo, SyU Fung xxv, p 47, 1931, Butlor and 
Bisby, Set Monogr i, p 101, 1931 

On loa\ os of Dmnodtum sp , Mussoorie (U P ), 6 vu 1906, toll S N Mitra (Type) , 
Deemodxum txlaefolxum L, Ramkhet and Ohakratha (UP), 1932 and 1936, ooll 
K D Bagohoo 

*22 Phyllostlcta dioscoreae Cooke in GrevtUen tin, p 130, Saooaido, SyU 
Fung iu, p 68, 1884 

On leaves of Dxoscorea sp , Panora, Malabar (Madras), 16 xi 1909, ooll W 
MoRae, Surat (Bombay), 8 x 1912, coll E J Butler 

23 Phyllostlcta dlospyri Sydow and Butler in Ann Mycol xiv, p 183, 

1910, Saooardo, SyU Fung xxv, p 34, 1931, Butler and Bisby, Set Monogr 
l, p 161, 1931 

On leaves of Dtospyroe embryoptens Pers , Pusa (Bihar), 23 i 1911, ooll E J. 
Butler (Type) 

24 Phyllostlcta dollchi Brunaud xn Bull Soc Bot Fr xi, p 221, 1893, 

Saooardo, SyU Fung xi, p 478, 1896, Butlor and Bisby, Sn Monogr i, p 161, 
1931 

On leaves of Dolxchos bxflorue L , Pusa (Bihar), 1912, coll E J Butler 

26 Phyllostlcta eriodendri Diedioke apxid Sydow and Butler xn Ann Mycol xiv, 
p 179, 1916, Saooardo, SyU Fung xxv, p 26, 1931 , Butler and Bisby, 
Sc* Monogr i, p 101, 1931 

On leaves of Erxodendron anfractuosum DC , Ganeshkhind, Poona (Bombay), 
23 x 1906, ooll S N Mitra (Type) 

26 Phyllostlcta exlgua Sydow apxid Sydow and Butler xn Ann Mycol xiv, 
p 183, 1916, Saooardo, SyU Fung xxv, p 31, 1931, Butler and Bisby, 
Set Monogr i, p 161, 1931 

On leaves of Qxxercue sp , Kumaon (U P ), 16 vi 1907, ooll E J Butler (Type) 
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27 Phyllostlcta glycines Thuemen %n Jour Set Math Phys Publ Acad R 

Sc* Ltsboa xxiv, p 230, 1878, Sacoardo, Syll Fung in, p 11, 1884, Butler 
and Bisby, Set Monogr i, p 161, 1931 

On loaves of Qlycxn* htqptda Max , Vemag (Kashmir), 7 ix 1908, ooll E J 
Butler 

28 Phyllostlcta glycosmldis Sydow and Butler m Ann Mycol xiv,p 177,1916, 

Saocardo, Syll Fung xxv, p 00, 1931 , Butlor and Bisby, Set Monogr i, 
p 161, 1931 

On leaves of Ulycoemw pentaphylla Correa, Dehra Dim (UP), 22 vi 1904, 
coll E J Butlor (Type), Khulna (Bengal), 12 v 1907, coll P N Bhattaoharjee , 
Wahjam (Assam), 5 iv 1910, eoll A L Som, Pullyanur (Travancore), 8 x1907, 
ooll E J Butler 

29 Phyllostlcta grewlae Diedicke apud Sydow and Butler t» Ann Mycol xiv, 

p 181, 1916, Saocardo, Syll Fung xxv, p 75, 1931, Butler and Bisby, Sc* 
Monogr l, p 161, 1931 

On leaves of Qrewta sp , DohraDun (1/ P ), 17 xi 1903, ooll E J Butler (Type) 

30 Phyllostlcta hederae Saooardo and Roumeguere *n M*chel*a n, p 620, 1882, 

Sacoardo, Syll Fung in, p 20,1884, Mundkur, Sc* Monogr xu, p 40, 1938 
On leaves of Hedera helix L , Mussoone (UP), 17 x 1931, ooll J H Mitter, 
Kasaub (Punjab), 3 x 1908, ooll S N Mitra 

31 Phyllostlcta hiblscina Ellis and Everhart in Jour Mycol iv, p 9, 1888, 

Sacoardo Syll Fung x, p 103, 1892 

Syn Phylloelxcta htbuict Peck m Ann Rep N Y State Mus xiu, p 125, 1889, 
Syll Fung x, p 103, 1892, Butler and Bisby, Set Monogr i, p 161, 1931 
On leaves of lltbtscus cannabtnus L , Cuttack (Orissa), vi 1907, coll E J Butler 

32 Phyllostlcta hortorum Spegazzim tn Att* Soc. Crttt Ital in, p 67, 1881 , 

Sacoardo, Syll Fung in, p 49, 1884, Butler and Bisby, Sc* Monogr i, p 161, 
1031 

On loaves of Solanum melongena L , Aclnbal (Kashmir), 4 ix 1908, ooll 
Inayatullah Khan, Surat (Bombay), 16x1902, coll E J Butler Both the 
specimens are at present without pyeiudia and Butler’s identification is given here 

33 Phyllostlcta butleri da Costa and Mundkur nom nov 

Syn Phylloettda hoyae Diodioke apud Sydow and Butler *n Ann Mycol xiv, 
p 180, 1916, Sacoardo, SyU Fung xxv, p 24, 1931, Butler and Bisby, 
Sc* Monogr i, p 161, 1931 

On leaves of Hoya sp , Pusa (Bihar), 17 x 1906, ooll E J Butler (Type), on 
leaves of Hoya w*ght « Hook f , Khandala (Bombay), 27 xu 1944, ooll H Santapau 
The name given by Diedicke is a later homonym of Phylloettcta hoyae Allesqher, 
1901 , spores of which are 1 5 to 2 p long and 1 to 1 5 p broad as against 7 to 10 p 
long and 2 5 to 3 5 p broad of the Bihar specimen 

34 Phyllostlcta humuli Saocardo and Spegaraim w» Mtchdta i, p 144, 1879, 

Saocardo, Syll Fung ill, p 53, 1884 , Butler and Bisby, Sc* Monogr l, p 161, 
1931 

On leaves of Humvlue lupulue I, , Dubgaon (Kashmir), 18 ix 1908, ooll, E J. 
Butler Material is at present without fruotifioations and Butler s identification w 
given. 
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35 Phyllostlcta ingae-dulcis Diedicke apud 8ydow and Butler »» Ann Mycol 

xiv, p 178, 1916, Saooardo, 8yll Fung xxv, p 48, 1931, Butler and Btoby, 
Sc* Monogr l, p 161, 1931 

On leaves of Inga dvlcw Willd , Ooconada (Madras), 11 vin 1905, ooll E J 
Butler (Type) 

36 Phyllostlcta Ipomoeae Ellis and Kellerman %n Jour Mycol in, p 102, 1887 , 

Saccardo, Syll Fung x, p 126, 1892, Butler and Bisby, Sc* Monogr i, 
p 161, 1931 

On leaves of Ipotnoea sp , Kirkee, Poona (Bombay), 21 x 1906, ooll 8 N Mitra 

37 Phyllostlcta marmorata Cooke *n QrevMea ix, p 13, 1880, Saooardo, Syll 

Fung in, p 36, 1884, Butler and Bisby, Sc* Monogr i, p 161, 1931 
On leaves ol MaUotus ph*l*pp*iifnns Muell , Nalapam, Dehra Dun (U P ), 
2 nil 1906, ooll E J Butler 

38 Phyllostlcta mlurai Miyake m Jour Agr*c Tokyo, u, p 253, 1910, Saooardo, 

Syll Fung xxn, p 864, 1913, Butler and B»by, Sc* Monogr i, p 161, 1931 
On leaves and oulms of Oryza sat*va L , Meharpur (Bengal), 7 ix 1 905 

*39 Phyllostlcta morifolia Passeruu *n Rend R Accad L*nce * Roma, 4 Her , iv, 
2 sem 10, 99, 1888, Saooardo, Syll Fung x, p 120, 1892 
On leaves of Morun alba L , Aohibal (Kashmir), 4 ix 1908, coll K J Butler 
• 40 Phyllostlcta moringicola da Costa and Mundkur sp nov 

Spots are minute, dirty wlnte, with a pale green discoloured area underneath, 
reaching a diameter of 2 to 3 mm Pycmdia very scarce, reddish brown, epiphyllous, 
46 to 140 u m length and 46 to 109 p in breadth Spores are hyalino, umoellular, 
elliptical, slightly tapering at one end, measuring 3-6 p m length and 1-2 p in breadth 
On leaves of Mor*nga sp , Savanur (Bombay), 4 x 1904 (Type) 

Maculae minutae, sordide albidae, area quadam viridi disoolorata subtus, 
magmtudmis usque ad 2-3 mm Pycnia rarissima, rubro-brunnea, epiphylla, magni- 
tudine usque ad 46-140 p longa, 46-109 p lata Sporae hyalmae, imioellulares, 
eUiptioae, tenuiter aoummata uno apioe, 3-6 p longae, 1-2 p latae 
In folus Mormgae sp , Savanur (Bombay), 4 x 1904, Type 

41 Phyllostlcta myroxyli da Costa and Mundkur sp nov 

Spots suboircular to irregular, yellowish brown with a fine rust ooloured margin, 
equally visible on both sides of leaf, 5 to 10 mm in diameter Pycmdia dark brown, 
epiphyllous, subglobose, measuring 109-184 p in length and 109-166 p in breadth 
Spores hyalme, unioellular to elliptical, measuring 3-7 p m length and 2-4 p in 
breadth 

On leaves of Myroxylon tolnxfervm L , Poona (Bombay), 6 vn 1908, coll H M 
Clubber (Type) 

Maoulae suboiroulares ad lrregularee, lutee brunneae, tenui, rubigmoso margme, 
aeque visibiles in utraque pagina foln, diam usque 6-10 mm Pycmdia fusee brunnea, 
epiphylla, subglobosa, 109-184 p longa, 109-166 p lata Sporae hyaUnae.umceUu- 
lares, ovatae ad elhptioas, 3-7 p longae, 2-4 p latae 

In folus Myroxih tolnifen L , Poona (Bombay), 6 vn 1908, leg H M Ohibbor, 
Type 

42 Phyllostlcta persicae Saooardo *n M*cheUa i, p 147, 1879, SyU Fung m, 

p 48, 1884, Butler and Bisby, Sc* Monogr i, p 161, 1931 
On leaves of Pynu malue L , Tukvar (Bengal), 31 vm 1909, ooll W MoRae. 
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43 Phylloatlcta pirina Saooardo in M*chel*a i, p 134, 1879, SyU Fung ill, p 7, 

1884 , Butler and Bisby, Sc* Monogr i, p 161,1931 
On leaves of Pyrua communxa L , Chaubhattia (U P ), 26 x 1934, coll U B 
Singh, Lyallpur (Punjab), 28 ix 1908, ooll E J Butler, Darjeeling (Bengal), 
7 ix 1909, oou W McRae , on leaves of Pyrua mcUua L , Chaubhattia (U P ), 
29 x 1934, collUB Singh 

44 Phylloatlcta pongamiae Sycfow a pud Sydow and Butler %n Ann My col. xiv, 

p 178, 1916, Saccardo, SyU Fung xxv, p 60, 1931 , Butler and Bisby, Sc* 
Monogr l, p 162, 1931 

On leaves of Pongamto glabra Vent , Dacoa (Bengal), 6 iv 1910, ooll A L Som 
(Type) 

46 Phylloatlcta prunicola (Opiz 0 Saooardo »» Mtchehu i, p 167, 1879 , * SyU Fung 

in, p 4, 1884, Butler and Bisby, Set Monogr i, p 162, 1931 
On leaves of Prvnua arrneniaca L , Achibal (Kashmir), 2 ix 1918, ooll E J 
Butler, Kothian, Chakrata (UP), 16 x 1936, ooll K Bagchee, on leaves of Prunua 
pudduvt Roxb , Vemag (Kashmir), 8 ix 1908, coll E J Butler, on leaves of Prunua 
peratca Benth and Hooker t , Pusa (Bihar), 16 x 1916, ooll R Sen, Quetta (Baluohis- 
tan), 19 vm 1932, coll K F K lies walla , Achibal (Kashmir), 28 viu 1908, coll E J 
Butler, on leaves of Amygdalue comtnvvta L , Quetta (Baluohistan), 17 vm 1932, 
coll K F Kheswalla 

4<i Phylloatlcta religiose Sydow apud Sydow and Butler m Ann Mycol xiv, 
p 183, 1916, Saccardo, SyU Fung xxv, p 56, 1031 , Butler and Bisby, Set 
Monogr 1 , p 162, 1931 

On leaves of Ftcus rel*g*oaa L , Poona (Bombay), 6 vu 1908, ooll H M Chibber 
(Type), Gwalior, August 1946, ooll G S Kulkarm 

47 PhyUosticta sedgwickii da Costa and Mundkur sp nov 

Spots circular, salmon ooloured, surrounded by a chocolate brown diffuse halo, 
2 to 3 mm in diameter Pycmdia golden to dark brown, globose, immersed, epi- 
phyllous, 62 to 109 p m length and 62 -78 p in breadth Spores hyaline, unicellular, 
oblong, oval, elliptical, measuring^ -4 p in length and 1-2 p m breadth 

On loaves of Orewta l*l*aefol*a Vahl , Dharwar (Bombay), July 1918, coll L J 
Sedgwick (Type), Karwar (Bombay), October 1919, ooll L .1 Sedgwick 

Maculae oiroulares, salmoneae, obsitao corona diffusa atropurpuroa, magni- 
tudmis usque ad 2-3 mm Pycmdia globosa, auree ad fusoe brunnea, immersa, 
epiphylla, 62-109 p longa, 62-78 p lata Sporae hyahnac, umoeBulares, oblongac, 
ovatae, ellipticae, 2-4 p longae, 1-2 p latac 

In folus Grewiae tiliaefoliae Vahl , Dharwar (Bombay), Julio 1918, coll L J 
Sedgwick Typus, Karwar (Bombay), Ootobn 1919, leg L J Sedgwiok 

48 Phyllosticta sesbanlae 8ydow apud Sydow and Butler m Ann Mycol xiv, 

p 179, 1916, Saccardo, SyU Fung xxv, p 60, 1931 , Butler and Bisby, Sc* 
Monogr 1 , p 162, 1931 

On leaves of Seebama sp , Pusa (Bihar), l,ix 1913, ooll E J Butler (Type) 

49 Phylloatlcta aissoo Diedioke apud Sydow and Butler t n Ann Mycol xiv, 

p 179, 1916, Saooardo, SyU Fung xxv, p 47, 1931, Butler and Btaby, Set. 
Monogr i, p 162, 1931 

On leaves of Dalbergxa autsoo Roxb , Pusa (Bihar), 31 i 1910, coll E J Butler 
(Type). 



62 


G C DA COSTA * B B MUNDKTTR A REVISION 


50 Phyllostlcta sorghlna Saecardo tn Mtchelta i, p 140, 1879, SyU Fung iii, 

p Cl , Butler and Bisby, Set Monogr l, p 162, 1931 
On leaves of Sorghum vulgare Pers , Manaparai (Madras), 25 3HMlft 4 , coll E .T 
Butler, Hyderabad (Deccan), May 1942, ooll S Vaheeduddm 

51 Phyllostlcta sulata Chowdhury tn Indian J Agnc Sc* xiv, p 397, 1944 
On leaves of f'anca papaija L , Halflong (Assam), 7 xi 1941, ooll S Chowdhun 

(Type) 

52 Phyllostlcta symploci Sydow apud Sydow and Butler tn Ann Mycol xiv, 

p 180, 1916, Saecardo, Syll Fung xxv, p 75, 1931 Butler and Bisby, Sri 
Monogr i, p 162, 1931 

On leaves of Symplocoe sp , Ooorjj, Ndgiris (Madras), 12 x 1904, ooll E J Butlei 
(Type) 

53 Phyllostlcta tectonae Sydow and Butler in Ann Mycol xiv, p 181, 1914 

Saecardo, SyU Fung xxv, p 78, 1931 , Butler and Bisby, Set Monogr i, 
p 162, 1931 

On leaves of Ttciana grandts L , Puttiman (Assam), 3 m 1912, coll Md Taslun 
(Type) 

54 Phyllostlcta trlcolorls Sydow and Butler tn Arm Mycol xiv, p 182, 1916, 

Butler and Bisby, Set Monogr i, p 162, 1931 
Syn Phyllostlcta vtolat Desm var viohe-tncolorui Saecardo tn Mtchelui l, 
p 143, 1879 SyU Fung in, p 38, 1884 
On leaves of Viola odorata L, Ganeshkhind (Bombay), 24 x 1905, coll E .1 
Butler (Type) 

55 Phyllostlcta vlolae Desmazi6res tn Ann Set Nat Bot , 2 Sei , xiv, p 29, 1840, 

Saecardo, SyU Fung in, p 38, 1884, Mundkur, Set Monogr xu, p 41, 1938 
On leaves of Vtola odorata L , Pusa (Bihar), 12 xi 1914, ooll T B Fletoher, 
Allahabad (U P ), 12 u 1031, ooll J H Mitter 

56 Phyllostlcta zlnglberls Ramakrishnan tn Pror Indian Acad Set B, xv, p 170, 

1942 

On leaves of Zingiber officinale L , Madras Prhv No date or other details on the 
specimen 

Species not seen 

57 Phyllostlcta cocculi Thuemen tn Rev Mycol 2 36, 1880, Saecardo, SyU 

Fung in, p 29, 1884 

This species was collected by Keok in Kanara on Anamnta coceulus W and A 
who sent it to Thuemen Specimen of this fungus, not reported from any othei 
oountry, is not available m India 

68 Phyllostlcta confertlssima Ellis and Everhart tn Proc Acad Phtla 1893, 
p 455, Saooardo, SyU Fung xi, p 476, 1895, Mundkur, Set Monogr xu, 
p 40, 1938 

Recorded on leaves of Ubnus tntegnfolia Roxb at Allahabad (U P ) by Mittei 

59 Phyllostlcta dracaenae Griff and Maubl in BuU Soc Mycol Fr xxv, p 27, 
1909, Saecardo, SyU Fung xx, p 384, 1911, Mundkur, Set Monogr xu, 
p 40, 1938 

Recorded on leaves of Jtracaena Itridtt L , Allahabad (IT P ), by Mitter, 
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90 Phyllostlcta mortonl Fan-man m MycxAogxa 5 p 247, 15)13, Saooardo, SyU 
Fung xxv, p 20, 1931 

Recorded on leaves of Mangxfera t ndvca L at Kholapur (Bombay) by Uppal 

The following speoies are also in the Herb Crypt Ind Orient PhyUostxcta 
bnardo Saoo on Pyrus malus from Kashmir, PhyUostxcta conchonae Koord on Cin- 
chona ledgenana from Valparai (South India), PhyUostxcta roumeguenx Saooardo 
on Vxrumum sp from Kashmir, PhyUostxcta. ruborum Saccardo on Rubus sp from 
Darjeeling, and PhyUostxcta eaccharx Spog on Saccharum officxnarum L from Samalkot 
(Madras) None of them have any fructifications at present and there is no means 
of checking their identification It is not known who identified them either We 
have not therefore included them in this paper 


SUMMABY 


This paper records sixty spfx ien of Fhyllosltcta for India Of these, Heven are new records 
and six ore proposed as new species The name of one species has been changed, as it was found 
to bo a later homonym The Lutin diagnoses were kindly prepared by ReV Father H Santapau 
Head of Department of Biology, St Xavier’s College, Bombay, to whom wo hereby express our 
deep debt of gratitude 

Herb Crypt. Tnd, Oru nt 
Indian Agricultural Research Institute, 

New Delhi 
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Introduction 

The discovery of Horaxchthye setnai Kulk possessing a specialised gonopodium 
m the male and representing a new family Horaichthyidae allied to the equally 
unique, but widely separated, family of Tomeundac in South America led to a study 
of the skeletal structures of the gonopodium of the former (Kulkami, 1940) A 
comparative account of the anatomical structures (loc cit , p 398) revealed that 
the gonopodium of H setnai had not only advanced in the same direction as the 
specialised viviparous Poecilhds of America but had become even a more complicated 
and specialised structure than the gonopodium in any member of the Poecilhdae 
The occurrence of H setnai in India among other comparatively simple oypnnodonts, 
suoh as Aplochedus and Oryzxas, illustrates how remarkable a turn evolution may take 
in what would otherwise appear to be a very ordinary fish The author has already 
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indio&tod (he ext , p 383) that H setnax must have evolved directly from Oryzxas 
melastxgma (McClelland) Dr C L Hubbs, University of Miohigan, Ann Arbor 
and Dr G 8 Myers, Stanford University, California, also exjfjqgged this view 
(Hubbs, 1941) 

The aforesaid relationships of these fishes were based on only their superficial 
resemblance, but this oould not bo conclusive without a oompanson of their skeletal 
structures Fishes appearing superficially to belong to a particular group have 
been found to differ taxonomically when the details of their bony structures were 
investigated Considerable changes have been made particularly in the taxonomy 
of cypnnodonts after a closer study of their osteology Starks (1904a), Regan 
(1911), Hubbs (1924), Myers (1928) and Chapman (1934) investigated the skeletal 
structures of these fishes on different occasions In the light of their investigations, 
Berg (1940) separated the members of the group once listed under the single order 
Haplomi into three different orders, viz Esociformes, Cypnnodontiformes and 
PhaUostethiformes 

The determination of the precise relationship of U setnax to other members 
of the oypnnodont group postulated a comparative study of its endoskeleton No 
detailed osteological investigation of this group of Indian fishes has, so far, been 
earned out exoept for the study of their jaws and teeth undertaken by Sundara 
Raj (1916) Studies of the osteology of oviparous cypnnodonts occurring in other 
countries are also not sufficiently detailed Further, Dr Myers and Dr S L Hora 
also suggested that a detailed study of the skeletal structures of these fishes would 
be invaluable The present study was undertaken in order to have a fairly ex- 
haustive account of the skeletal features of the Indian cypnnodonts, particularly 
with a view to establishing their inter-relationships Three different genera, viz 
Aphchexlvs, Oryzxas and Homxchthys, have been selected for the study A Ixneatus, 
being the commonest form along the western coast of India and being also slightly 
larger among these small fishes, was selectod for a detailed account of its osteology 
Other gonera are discussed in general terms for comparison of their important skeletal 
struoturos An American genus is also compared 

Acknowledgement 

The author takes this opportumty of expressing his deep sense of gratitude to 
Dr 8 B Setna, the Director of Fishenes, Bombay, for his valuable guidance and 
i onstant encouragement during the course of the investigation 

Methods \nd Technique 

Preparation of dry skeletons by maceration of the fleshy tissue or by any other 
method was practically impossible in view of tho extremely small size of the fishes 
studied Staining in bulk of tho entire skeletons by Benda’s Alizarine KOH method 
(Lee, 1928) was, therefore, employed for each fish after the specimens had been 
fixed in alcohol and also in formalin on different occasions 


Head skeleton of Aphehexlus Ix-ntatus (Cuv and Val ) 

The head skeleton of Aplochexlns Ixneatus C & V , as is common with most 
fishes, is made up of the original cartilage bones, the secondarily developed investing 
bones, and a certain number of cartilaginous structures whioh remain unossified even 
in the adult condition The head skeleton consists of the skull proper, the jaws 
and the visceral skeleton, including the bones of the opercular apparatus The 
head of an average well built speoimen is about 11 or 12 mm m length from the tip 
of the jaws to the posterior margin of the skull It is doraally flat and is fairly 
broad as compared with its length and the size of the fish The jaws, being wide 
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and laterally flattened, do notTmake the skull wedge-shaped or pointed as in many 
other fishes, but considerably broad at the anterior end The breadth of the skull 
in the poetorbital region, is contained about 1 5 times m the total length of the 
head The jaws are obtusely rounded and their breadth at the oomer of the mouth 
is contained twioe in the total length of the head skeleton 

(A) Skull (Figs 1, 2 and 3 ) 

The Hkull proper or the oramum for all practical purposes, may be considered 
to represent that oomplex of bones and cartilage whioh is situated around the brain 
and is not very readily separable from it This inoludes all thoso bony structures 
developed out of the original ohondrooramum and the secondary bones attached 
to it, including the vomer and parasphonoid 

The skull as defined above is almost fiat on the dorsal surtaco except toi the 
slight crests on the surfaoe ot the frontals corresponding with the rogions marked 
on them There is no supra-ocrapital crest, and the elongated posterior processes 
of the supia-occipital bone are situated at the dorsal lovel of the skull The postero 
lateral corner of the skull and the surface on either side of the supra-oocipital 
process, sinks below the general level, the depression in the living condition being 
filled up by connective tissue On the postoro-dorsal margin, the epiotic is situated 
on tho same level as the supra-oooipital, but on aooount of the adjoining area being 
low appears like an epiotic crest 

On the ventral side, the anterior two-thirds of the skull is excavated by the large 
orbits with a narrow ridge of the parasphonoid in between Right from the vomer 
to the basi- occipital, the mid ventral lme is almost on the same level Small 
depressions aro present in the postero-lateral corners Two small elevations are also 
formed due to the presence of large aaeculiths, one on either side of the basi-occipital 
Most ot the bonos which aro performed m cartilage aro separated from each other 
by thm interspaces of cartilage between their margins Another peculiarity ol 
these bones is that between the inner and outer surfaoes ot each bone, there is a thm 
layer of cartilage which remains unstained in alizarine preparations 

When tho membrane bones are removed, the brain caso is lnsulhoieDtly provided 
by bony structures in its anterior region There is only a small ethmoid cartilage 
in front The orbitosphenoids and tho basisphenoid are absent Alisphenoids 
are very small, posteriorly situated and do not meet in the median lino The only 
connecting bnk between the alisphenoids is a thin strand of cartilage which runs 
between the distal end of the supra-oooipital and the alisphenoid of each side A 
thm membrane from the latter extends to the posterior membranes of the ethmoid 
region and establishes a oonneotion with the anterior region of the brain oase 

Different methods of describing skull are followed by different authors, some 
deal with the replacing (cartilage) bones and investing bones separately, while 
others follow the method of describing the bones region by region The latter method 
appears to be preferable and it has been followed m this paffer as far as possible - 
The skull is thus divided into four different regions 

(1) the ethmoidal, 

(2) orbito-temporal, 

(3) otic or auditory, and 

(4) oocipital region 

The details of these regions are given as follow — 

(1) Ethmoid Region 

The ethmoid region (fig 4) — The anterior-most part of the cranium is formed 
by bones and oartUages arising out of the original ethmoid oartilage and also by 



KUBKABiU TUB OSTBOLOUT OF Ufl>UN OYFBIMODOMT8. 


those bones which subsequently attach themselves to it superfloially Dorsally, 
it is partially covered by the nasals and the anterior portion of the frontals, while 
ventrally, it is supported by the vomer, whioh is so muoh anteno^g^isposed as to 
be attached to this region only by its posterior portion In the same region the 
parasphenoid is also ventrally attached by its anterior end which overlaps the 
posterior extremity of the vomer Anteriorly, the region is in contact with the 
pre-maxillaries, the posterior median processes of which actually project into the 
anterior ooncavity of this region The whole region, therefore, comprises the 
median ethmoid cartilage, the paired lateral cthmoids, a median mes-ethmoid, 
paired nasals and a vomer (see Fig 4) 

The median ethmoid oartilage is a prominent bar-like structure situated trans- 
versely and forming the actual anterior margin of the brain oase Its lateral 
extremities are covered by well-ossified secondary bones oalled the lateral or ect- 
ethmoids In the posterior direction, the cartilage is basaUy produced mto a thin hori- 
zontal membrane whioh forma the anterior floor of the brain case A similarly direct- 
ed narrow membrane with a median triangular projection also arises from the dorsal 
margin of the cartilage These two membranes, along with the posterior face of the 
ethmoid cartilage, and a part of the lateral ethmoids which are all concave internally, 
torm the anterior ooncavity of the brain chambei The other face (anterior) of the 
cartilage is excav a ted in the middle mto a specious conical recess and is also basally 
produced m the anterior direction mto another extensive thin membrane similar 
to the one dnected posteriorly The corneal recess of the cartilage lodges the pos- 
terior end of the mosethmoid 

Meeethmoui — Mesethmoid is a small, median, heart-shaped piece of cartilage 
lesembling a heart-shaped locket It is situated in the anterior concavity of the 
ethmoid oartilage with its (mesethmoid) broad end faoing anteriorly The posterior 
extremities of the pre-maxillaiy processes which converge medially, rest on this 
oartilage and are closely attached to it by muscular tissue It is also attached by a 
-few musole strands to the ethmoid cartilage and also to the articulating surface 
of the maxillae With the movement of the pre-maxillary processes the mesethmoid 
also slides backwards and forwards The attachment of the mesethmoid to all 
these bones help in co-ordinating the movements of the jaws 

Similar type of mesethmoid is found in both A panchax and A blochw 

Lateral ethmoid — Starks (1904, b) leoords that Owen originally designated this 
bone as pre-frontal and Parkar (W K. ) ec to- ethmoid or lateral ethmoid Starks 
himself has retamed Owen’s terminology in his several writings Gregory (1933) 
mentions par-ethmoid as synonymous with lateral ethmoid and states dearly that 
it is wrongly called pre-frontal Starks (1920) describes pre-frontal in some forms 
as being ‘composed of surf&oe bone only containing unossified oartilage, that is, 
continuation of the median mass of eartiiage of the ethmoid region’ This descrip- 
tion shows that Starks refers to the lateral ossification on the ethmoid region 
Parkar’s self-explanatory term, viz lateral ethmoid, should, therefore, be preferable 
By calling the bone pre-frontal, its association with the frontal is shown to be muoh 
closer than it is in reality Actually, its relation with the ethmoid region is muoh 
olceer as it has aotually grown on, or applied itself to, that oartilage Again, the 
bone is not on the same level as the frontal, and it is distinctly below the frontal m 
Aplochethia In Dallui, Fundvlus, Umbra and in many other forms as shown by 
Starks (1926) the bone is mainly below the frontal although a portion of it extends 
beyond the margin of the former To oall the bone pre-frontal thus appears rather 
misleading Parker’s terminology, which is also aooepted by Regan and others, 
has aooordingly been followed in this paper also 

The lateral ethmoids are paired bones ossified, as has already been stated, on 
the lateral extremities of the ethmoid oartilage They are very irregular in shape 
and present different aspects dorsally and ventrally Each lateral ethmoid is 
situated in the preorbital region and is dorsally covered by the anterior and posterior 
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margins of the frontal and the nasal respectively Laterally, it is m contact with 
the lachrymal 

Ventrally viewed (fig 2), each ossification appears to be composed of two 
portions, one an antero-posteriorly disposed medial part and the other a more or 
less vertically directed transverse twisted plate The latter is obliquely attached 
from above to the posterior half of tho former The medial portion, although it 
appears like a horizontal membrane of bone when seen from above, is, m fact, a 
hoodlike bent membrane whioh fits like a cap on the lateral extremity of the ethmoid 
oartilage Tho distal outer expansion of the twisted plate, being also ventrally 
disposed to some extent, gives the appearanoe of a lateral wing of the bone and forms 
a wide and shallow oonoavity opening posteriorly The margins of the plates are 
sinuous and smooth except in the medial part, where its external lateral margin is 
thickened and gives attachment to the anterior extremity of the palatopterygoid 
element 

In the dorsal aspeot (fig 4), the lateral ethmoid appears quite different m shape 
when the covering bones (frontal and nasal) are removed Instead of giving the 
appearanoe of twisted and curved plates, the lateral ethmoid roughly resembles a 
butterfly, with the medial and lateral parts representing the wings, and the median 
an tero- lateral stem the body of the butterfly Its surface is irregular and thiokened 
at plaoes for artioulation with other bones Tho articular surfaces between the 
bone and the palatopterygoid as also the twisted artioular surface of the maxilla 
are evident m dorsal view In tho antoro-lateral oorner the medial and lateral parts 
are slightly curved and enolose between them a large space which, along with the 
nasal on the top and the portions of maxilla and pre- maxilla antero- laterally and the 
lachrymal on the external side, forms the olfactory cavity of the fish The olfactory 
nerve opens into this cavity by a promment foramen situated in the antero-lateral 
oorner of the bram oase and passing through the oentr&l portion or the body of the 
lateral ethmoid bone 

Naaala — The nasals (hg i) are a pair ol almost circular discs of membrane 
bones situated in front of the frontals towards the lateral margin of the skull Each 
nasal lies over the medial wmg of tho lateral ethmoid and possesses an indistinct ridge 
on its ventral surface It partially covers olfaotory area and is attaohed by its 
anterior edge to the articular region (twisted portion) of the maxilla The palatine 
head and medial wmg of the lateral ethmoid are also attached to it from below like 
the maxilla 

Vomer —The vomer (fag 2) is a median comparatively well-sued flat membrane 
bone, attaohed ventrally to the skull and forming the roof of the buccal cavity 
situated below The bono is roughly ogee shaped (a term used m drawing), with 
its posterior end much drawn out and pointed By its pointed portion it is attaohed 
to the parasphenoid, and passing over the ventral surfaoe of the ethmoidal region 
extends sufficiently forward so as to projeot boyond the mesial extremities of the 
maxillae and the posterior processes of the pre-maxillaries Its major portion is m 
front of the ethmoid cartilage and laterally extends only below the anterior ex- 
tremities of the lateral ethmoid The anterior margin has a single row of short oomoal 
teeth direoted ventrally Numbering about 40 to 60, thoy oover almost the whole 
of the anterior margin At some places the row is double and consequently the total 
number of teetE on the bone is larger At the extreme anterior end of the bone, 
instead of a single or a double row, there is a small group of teeth which forms a sort 
of crown of teeth on the bone 

Dr Myers, diagnosing the characters of the tribe Rivuhni ot 1931 (Aplooheilmi 
of later years) whioh includes Aplochexlue ( Panchax ), states (1931, p 10) that ‘the 
vomerine teeth are in a rounded patch and usually reduced in number ’ In a few 
Panchax (Aplocheilua) he found them to be even missing The teeth m Aplochtxlus 
hneaiut (P Uneatw), as the present investigations showed, were quite numerous 
and disposed on the anterior margin as described above Sundara Raj (1916) has 
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figured a vomer (plate XXV) showing about four rows or almost a band ot teeth 
Such a band, however, was never observed during the present study 


(2) OrbUo-temporal Reffton 

The orbito- temporal region, although comparatively extensive, is rather 1 m- 
porfeotly developed and, unlike in many other fishes ( Otoltihus , Labeo rohtta, etc,) 
oannot be divided clearly into orbital and temporal or sphenoidal regions There 
is neither the basisphenoid on the ventral side nor the orbitosphenoid on the lateral 
sides The alisphenoid (fig 6), though present, is rather inconspicuous and lies m 
only a corner between the sphenotio and orbital portions of the frontal The lateral 
walls of the brain chamber in this region has no bony supports for its protection, 
but are covered by the large eye-balls whioh occupy the entire lateral orbital space 
Tho orbital space is bounded on the antonor side by the laohrymal and the lateral 
ethmoid, and posteriorly by tho alisphenoid, sphenotic and the dermosphenotio 
The parietals also are comparatively small and so much posteriorly disposed that 
the} almost lie over the auditory oapsules The trontals are, however, remurkably 
woll developed and compensate for the scanty growth of other bones They not 
only oovor the entire orbito temporal region but extend anteriorly on the ethmoidal 
legion, which also they oover considerably On tho ventral sido the orbito- temporal 
region is supported by the elongated parasphenoid only This region although it 
covers a major portion of the skull represents only a small number of bones, viz 
the paired frontals and parietals on the dorsal side, the parasphenoid on the ventral 
side and tho bones of the circum-orbital series and absphenoids on tho lateral side 
01 these only the last (alisphenoid) which, in fact, is tho smallest of all, is the true 
bone, the rest being membrane bones attached secondarily to the oramum Details 
of these bones are as follows — 

Frontals — The frontals (fig 1 ) aro the largest of the bones of Aplochetli is and 
oover a considerable part of the skull on the dorsal side Anteriorly, they overlie 
the anterior margin of* tho ethmoidal region and reach the auditory region pos- 
teriorly They are elongated, broad, Hat ossified plates overlapping the margins 
of each other medially in the inter-orbital space Aftei covering the inter-orbital 
space the proximal parts of the frontals diverge laterally and the median supra- 
oooipital is wedged in between them 

Superficially, the dorsal surfaoe of the frontal appears to be divided into throe 
different regions, viz the inter-orbital, supra-orbital and sphenoidal regions owing 
to the corresponding ourvatures on its dorsal surface Moreover, on the ventral 
surface there is a distant triradiate ridge which is also visible from above, and 
helps to separate these regions more clearly The mtor-orbital area is slightly 
convex dorsally The supra-orbital area is also convex dorsaby and its posterior 
ourvatures are so developed as to afford protection to the rounded eye-ball As 
this part projeots somewhat more laterally, it also appears like an orbital wing 
Posterior to these two regions is the sphenoidal area This area is situated between 
the mter-orbital area anteriorly and the supra-oooipital and the auditory areas 
posteriorly, and may be, therefore, rightly considered to correspond with the 
sphenoidal area of other fishes (there being no basi-sphenoid m Aptoche Hue) The 
area is also laterally supported by the alisphenoid, which runs obhquely upwards 
and meets the frontal m this area 

Panetala — The panetals (fig 1) are paired thin membrane bones situated 
obhquely on the either side of the supra-ocoipital As compared with the expansive 
frontals, each parietal is a small bone attached to the postero- lateral margin of the 
frontal Antero-laterally, it is attached to the sphenotio, laterally to the pterotio, 
and posteno- laterally to the epiotio and supra-occipital It serves os a covering 
bone and proteots the unoesified area between the epiotio, pterotio and sphenotio 
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Parasphenoid — The parasphenoid (fig 2) ib a prominent median bone on the 
ventral side situated posterior to the vomer It is elongated and shaped like a daggor 
with the anterior pointed end being somewhat obtuse and broadened It is ventrally 
appbed to the skull and forms a narrow floor for the brain oase almost along its entire 
length Anteriorly, it is attached from below to the posterior membranous exten- 
sion of the ethmoidal cartilage and overlaps the posterior end of vomer Posteriorly 
it is attached to the mesial portions of the pro-oties and finally ends on the anterior 
half of the basi-ocoipital There are two pairs of very short lateral extensions of the 
bone, the posterior one on tho pro-otio and the anterior in front of the alisphenoid 

On the ventral or outer surface of the bone there is a pair of very thin elongated 
ridges, forming narrow median groovo which disappears at both ends The 
posterior end of the above groove is broad and breaks up into a number of fine 
ridges as it disappears finally 

Internally the bono is somewhat concave, the inner surfaco of its posterior 
region being produoed into a pair of small posteriorly opening pockets below the 
lateral extensions on tho pro otic In tho samo area there is n modian lound 
depression or pit exactly below the posterior wider part of tho ventral groove of the 
bone This depression corresponds with the position of tho hypophysis which is 
situated above it 

There is no myodome or the so callod eye musclo canal which Albs (1919) 
describes in Hyodon, Scomber , etc The superior and inferior recti of the eye are 
attached to tho external or lateral edge of tho parasphenoid just m front of the 
antero lateral extension of the bono Tho oblique muscles which Dharmrajan 
(1936) describes as forming tho anterior myodome are attached to the posterior 
face of the lateral othmoid 

Alisphenoid — Tho absphenoid (fig 6) is a somowhat obbquely situated plate 
of bono which forms a part of tho lateral wall of the brain case immediately behind 
tho orbit of the eye It is attached to the bones of the auditory capsule pewtero- 
laterally and proceeds obhquoly upwards and forwards to moot the orbital part of 
the frontal from below Being obliquo in form and situated on the lateral wall, 
the bone appears triangular m a dorsal viow Basally it is composed of two plates 
forming an inverted V with its apex producod anteriorly into a plate twice the 
length of the arms, tho intervening space betwoon the arms being fillod by clear 
cartilage By the outer plate the bone is attached to the sphonotic and by the 
inner to the vertically disposed columnar stiucturo on the pro-otic The bone thus 
has a wide and hr m baao which tapers upwards into a thm twisted plate to support 
the frontal from beneath 

Circum-orbital series — In common with suoh fishes as Fundvius, Ooodea, 
Poecilia, eto , tho bones of tho circum orbital senos are very few in Aplocheilus also 
They are represented by only two bones, a prominent lachrymal in the pre-orbital 
region and dormosphenotic in tho post-orbital area, there being no supra- or sub- 
orbitals In place of the supra-orbitals, a lateral extension of the frontal known 
as the supra orbital wing serves as a roof for the orbit and proteots the eye from 
above, the orbital wing itself being covered by three or four prominent scales 
Details of the existing ciroum orbitals aro as follows — 

Lachrymal — Tho lachrymal (fig 7) is a purely dermal bone situated in the 
pre-orbital region of the head It is loosely embedded in the tissue and can be 
easily pulled out from outside It has a very irregular channeled structure with 
curved plates produced in different pianos A major portion of the laohrymal 
bone has a channel-like appearance extending vertically Its distal portion is 
twisted and bent so as to resemble a narrow neok where another twisted plate-like 
portion joins it from behind Two short channeled pieces are also grafted on the 
outer edge of this region on the orbital side There is a small central aperture in 
the neok region for the passage of the sensory nerve The channeled nature of the 
bone is intended for the lodgment of the sensory canal Bystem, 
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Dermosphenotic — Dermosphenotic (fig 8) is another bone of the oircum orbital 
senes situated anteriorly to the sphenotio process m the post-orbital region Like 
the lachrymal, it is also loosely sunk in the dormal tissue as the of the bone 

suggests and is shaped like an elongated scoop It is not attached to any bone 
except that it touohes the post-orbital process of the frontal from where it starts 
and extends downwards to form the post orbital margin of the eye Posteriorly 
it is closely attached to the sphenotic spine 

Besides these two bones, a most unusual peculiarity is the appeal anee of two 
independent patches of bony elements noticeable in the sclerotic coat of the eye of 
Aplocheilus With alizarine dye those patches stain red just as other bony elements 
This fact gives ground for the view that they must bo bony elements which have 
developed in that area The patches are situated in the anterior and posterior 
corners of the eye ball opposite the lachrymal and the dermosphenotic respectively 
They are vory thm, small and somewhat oval in shape Ramaswami also (1945) 
has recently recorded the occurrence of broad cup-shaped sclerotic hones in the 
sclerotic coat in the eye of Gambusui 

The fact that ossification has taken place m the sclerotic coat of this fish in 
close proximity of the dermosphenotic and lachrymal ossifications only, bears out 
an apropbs observation of Ridewood (1*104, p 50) that ‘the endosteal ossification 
is set up in sympathy with the ossification taking place in the dermal tissue The 
process of ossification is infectious if one may employ such a term in this connection ’ 

(3) Ottc Region 

The otic oi the auditory region is composed of bones forming the auditory 
capsules, situated as usual m the postero-latoral corners of the skull The bones 
of the capsule originate during development as separate ossifications in the original 
cartilaginous capsule, which get9 secondarily attached to the brain case on either 
side in its hind region Normally, there are five soparate bones forming the auditory 
capsule on oach side, but in 4plocheilua and its allies only four elements, namely, 
the epi-otic, pro-otic, pterotic and sphenotic are pres< nt, the fifth, opisthotic, being un- 
developed or fused with the ex-ocoipital which thus takes some part in the foimation 
of the auditory capsule A space which remains unosmhed between the epiotic, ptor- 
otio and sphenotic, is covered by the pariotals loaving a small fontancllo at thojunction 
of the epiotic, pterotic and parietal Below the parietal, the anterior strip of 
cartilage which stretches between tho supra-occipital, and the other otic bones on 
the dorsal side, is thickened into a band and appeals different from the other 
cartilage Chapman (1934, p 384) met with similar eloments in Nomnnbra hubbst 
and called them aupra otics He dosenbed them as ‘highly ossifiod ndgeH running 
parallel and just posterior to tho posterior edge of the frontals’ In Dalha and 
Umbra, however, the same structure remains unossified and resembles the carti- 
laginous band occurring in A lineatus (See fig 6a ) 

The otic bones are most irregular in shape all throughout, and are curved in 
different ways so as to form the walls of an irregularly shaped oapsule Internally, 
the inner laminae of some of these bones are ossified in such a way as to givo rise to 
oanals or tunnel-like passages which form a sort of bony labyrinth for the lodgement 
of the semi-circular oanals of the membraneous labyrinth Concavities are also 
formed on the inner surfaces of the bones for the ampullae and otoliths Columnar 
bony supports running from the floor to the ceiling of tho capsule are present m some 
places in order to strengthen the auditory capsule A few more details of these 
bones and their locations are as follow — 

Pro-otic — The pro-otic (fig 2) is a ventrally situated bone which forms 
a major portion of the floor of the auditory capsule It is the most anteriorly 
disposed element of tho group and although ooncave internally is comparatively 
flat on its outer ventral surface It is somewhat oblong m form and is disposed 
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obliquely so as to meet the basi-oooipital postero laterally, the ex-occipital posteriorly 
and the pterotio and sphenotio laterally and antero-laterally respectively The 
pro-otic m its antero- lateral direction also supports the alisphenoid and the sphenotio 
by a dorsally direoted buttress like structure originating from the inner surfaoe of 
the bone From the base of the buttress like supjiort (hg 7a) two or three small 
ridges radiate sideways and enclose botweon them concavities on the floor of the 
bono which, along with the portions contributed by the basi- and ex-occipitals, 
form the recesses for the sacouhth (auditory ossicles) and for the ampulla of the 
posterior and the anterior semi circular canals, the epiotic forming only a part 
ot the dorsal cover Basally, the pro otic protrudes a short distance beyond the 
margin of the oapsule and bears one large and another small foramen on its surface 
Eptottc —The epiotic (hg 1 and 5a) o< cupies the postoro-dorsal cornor of the 
auditory capsule and extends somewhat downwards It forms an epiotic crest on 
the dorsal side It is somewhat boat shaped in form, with its concavity facing 
anteriorly and the keel forming the postero-dorsal margin of the auditory sac 
Medially, the opiotic is in contact with the supra occipitals and ex occipitals and 
laterally with the ptorotic Internally, its lamina is rolled up to form a bony canal 
for the passage of the posterior norm circular canal Ventrallv it shares with the 
ex-oocipital of its side a reoess for tho roccption of the ampullae of the posterior 
and horizontal semi-circular canals of the membranous labyrinth 

Plerotxc — Tho pterotic (fig 5b) occupies the postero-latcral corner of the 
skull and is conspicuously irregular in shape It extends both on tho dorsal and 
vontral surfaces of the skull and forms the lateral margin of the skull Medially, 
it is m contact with the epiotio, ventrally, with the pro-otic and antnro-laterally 
with the sphenotio Like the epiotic, the ptorotic also is excavated or tunnelled 
internally for the passage of tho horizontal somi-circular canal and is depressed dorso* 
ventrally towards the outer margin Laterally, it develops two blado-liko extensions 
or wings, the upper or tho dorsal one being broador than the vontral Behind these 
two extensions there is a third small projection directed postero-laterally, while 
tho fourth one is posteriorly directed The junction of the third and the first two 
projections torm a comparatively large ventrally disposed facet for the reception 
of the posterior condylar hoad of the hyomandibular 

Sphenotic — Like the pterotic, tho sphenotic (figs 5b and c) also extends on the 
dorsal and ventral surfaces and occupies the antero lateral cornor of tho auditory 
capsule In addition to its contact with the pro otio and the pterotio tho bone 
is also attached to the small alisphenoid antero-dorsally Internally it (sphenotio) 
is exoavatod into a short tunnel for tho anterior semi circular canal and shares with 
tho pro otio and pterotio, a recess for tho lodging of tho ampulla between that canal 
and the horizontal one On the dorsal side of the bone there is a posteriorly directed 
blade-like expansion or wing which taoes an anteriorly directed Bimilar expansion 
of the pterotic Tho ventral margin of this wing is considerably thickened and 
projects out posteriorly as a thick prominent spine known as the sphenotic process 
Below this spine and situated on the ventral surface there is an artioular facet for 
the anterior condylar head of the hyomandibular 

A semi-transparent (lightly stained) quadrilateral area extend ng from the 
pterotio to epiotio and givmg the appoaranoe of a large fontanelle is visible, m 
stained preparations, both on the dorsal and ventral surfaces of the auditory capsule , 
but in fact, there is no fontanelle of that typo Its apparent presence is merely 
due to the margins of tho inner oanals of tho bony labyrinth which bound the area 
on all sides, there being no canals or any other thickening m the quadrilateral areas 
excepting the thm layers of the pterotio and the epiotio, which, in contrast with the 
surrounding thickened area, appears semi-transparent 

Out of the three otoliths the saocuhth (sagitta) is the largest It is situated 
in a depression formed by the basi-oocipital, ex-ocoipital and pro-otic on the ventral 
side, and is roofed over by the supra-ocoipital and epiotio It is a laterally flattened 
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piece almost round in outline and being situated vertically appears oblong in the 
dorsal or ventral view Utrioulith (lapiilas) is a much smaller piece and is situated 
m front of the saoculith in the antero-lateral direction It is nHnaal a spherioal 
piece and is situated on the ampulla between the horizontal and anterior semi- 
circular canals The lagenahth (astericus) lying m the lagena or the rudimentary 
cochlea is situated immediately behind the sacculith It is slightly longer than the 
utricuhth The three otoliths together form an arc which faces the postoro-lateral 
corner of the skull 

(4) Occipital Region 

The ocoipital region is composed of four replac ing bones, the supra occipital 
busi-occipital and the two ex-occipitals situated on the dorsal, ventral and lateral 
sides of tho skull respectively The bones originate from the primary chondro- 
cranium as independent ossifications and form tho hindor region of tho brain case, 
which articulates posteriorly with tho vertebral column, the articulating surfaces 
being situated on the median basi-occipital and the two o\-occipitals The foramen 
magnum is formed jointly by two ox-ocupitals on tho lateral sides and the basi- 
occipital on the ventral side Laterally, the occipital region is in contact with the 
auditoiy capsules and anteriorly with the frontal on the dorsal sides and the para- 
sphonoid on the ventral, thore being no basisphenoid and the pariotals, although 
presont, being very small and laterally disposed All the bonos of the occipital 
region are comparatively large and prominent m Apbcheilus and may perhaps 
compensate lor tho absence of basisphonoul and the reduced panetals (Figs 2 and 3 ) 
tiupra -occipital (fig 6a) — Tho supra-occipital is situated as usual m tho 
hinder region of tho skull, but unliko m many other forms does not form the hind- 
most margin ot the foramen magnum of the skull The bone is roughly paw-shaped 
(fig 6a) and concave ventrally (internally) and is provided with a pair of long 
processes trailing bohind The processes, instead of starting from the hmd margin 
of the bone, originate from its oonvox upper surface and extend posteriorly beyond 
the margin of tho skull on the same levol Thoy are in the form of a pair of vortical 
laminae, which, in the proximal portion, fuse vontially so as to form a sort of keel 
After tho formation of the keel the laminae again separate and protrude posteriorly 
as oci lpital processes to which the dorsal muscle fibres are attached 

The supra occipital in Aplocheilus is prominently disposed anteriorly ui com- 
parison with other Teleosts It not only touches tho frontals but is also wedged 
between tho posterior portions of the bones and extends even below their inaigms 
It is attaohod by a narrow surfaco to the panetals laterally and comes in contact 
with the two ex-occipitals by its posterior margin which is directed ventrally It 
does not figure in the formation of the occipital condyles 

The frontals and panetals, being membrane bones developed socondanly on 
the cranium, overlap the margins of the supra-occipital on both sides and reduce 
its open surfaco In the distal portion of the bone, there is a triangular area which 
is lightly stained in all specimens Tho area has a thm Bheot of cartilage on its 
inner side which divides into a pair of narrow bands at tho distal margin of the bone 
and proceeds laterally on each side to meet the distal extremity of the allsphenoid 
Basi-occtpikd — The basi-occipital (fag 2) is another prominent bone on the 
mid-ventral side of the skull corresponding to the supra-ocoipital on tho dorsal 
surface, but the basi -occipital, unlike the supra occipital contributes materially 
towards the formation of the posterior margin of the skull Anteriorly it is m 
contact with the mesial portions of the pro otics and laterally and dorsally with the 
ex-occipitals Its anterior end is overlapped ventrally by the posterior extremity 
of the parasphenoid The bone is somewhat rhomboid in shape (fig fib) and has a 
largo oircular concavity which forms an articulating surface with the centrum of 
the first vertebra Its ventral outer surfaoe is fiat, but internally there are two 
bony plates running vertically upwards and backwards from its inner surfaoe and 
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oonneofcmg the bone dorso- laterally with the ex-occipitals on each side The bony 
plates, starting from the posterior artioular ooneavity of the bone, are disposed 
longitudinally and out off the lateral corners of the rhomboidal bone They 
thus form a narrow channel in which the posterior portion of the medulla oblongata 
is lodged The lateral corners of the bone are somewhat excavated and form a part 
of the recess for the auditory ossicles The plates thus soparate the brain case 
from the auditory oapsules and also strengthen the ocoipital region internally 
There is a large foramen in front of the vagus foramen of the ex-occipital 

Ex occipital Is — Tho ex-occipitals (fag 2) are paired bones, situated posteriorly 
m the occipital region They take part in the formation of the otio capsule in 
place of tho opisthotio and this become the auto-occipital, but the term ex- ocoipital 
is retained horc for convenience They form tho dorsal and lateral margin of the 
foramen magnum and also give nso to a pair of occipital condyles for the articulation 
of the skull with tho vertebral column Tho articulating surfaces of tho oondyles 
are large and flat and Rituated on the ventro-latoral corner ot tho foramen magnum 
Each ox-ocoipital is in oontaot vontrally with tho basi occipital and the pro otic, 
laterally with the pterotio and dorsally and dorso laterally with tho supra occipital 
and epiotic respectively The ex-occipital figures in the formation of a major 
portion of the dorsal surfaoe of tho foramen magnum, in addition to the lateral walls, 
the share of the supra occipital in its formation being almost negligible After 
bordering tho foramen magnum, the ex occipitals extend laterally and ventrally 
to join tho basi-occipital and pterotio to form a large recoss for the ampulla and the 
ear ossicles of the auditory capsule Being produced m different directions and 
pianos, tho shapo of tho bone (figs Go and d) is very irregular Tho origin of tho 
vortical supports or plates joining the basi- and ex-oocipitals internally is not yet 
quite ceitain, but thoy apjiear to issue more probably from the latter than the 
former 

Each ox-occipital has three or four foramina on its surface Three medium- 
shaped foramina for the passage of tho occipito-spinal nerves are situated in a row 
on tho lateral wall abovo the occipital condyle A large vagus foramen exists on 
tho ventro-posterior margin of the skull and forms an exit for the glassopharyngeal 
and vagus norvos Another equally large foramen occurs as stated earlier, on the 
inner vortioal plate through which the glassopharyngeal and vagus emerge and 
immediately leavo tho skull through the vagus foramen 

(B) Visceral Skeleton 

Tho visceral skeleton consists ol the (1) Mandibular arch or the suiqxnsorium 
of the jaws, (2) tho hyoid arch forming the hyoid cornu supporting the tongue, and 
(3) tho skeleton of the branchial arches The entire skeleton is made up of seven 
arches The first two arches are more specialised than the rest and being close 
to tho chondrocramum are associated with the latter m their early development 
The first or tho mandibular arch gives rise to the palato-quadrate and mandibular 
bars which support the uppor and lower jaws respectively From the second or 
the hyoid arch, the hyomandibular is developed and gives attachment to both 
tho palato-quadrate and hyoid arch or the hyoid cornu The noxt four arohos 
support the gill filaments and the seventh arch is reduced m sizo and forms a tooth 
bearing inferior pharyngeal bone for mastioatory purpose 

(1) Mandibular Arch 

In A . hneatua, the mandibular arch (fig 10) has the usual palato-quadrate and 
mandibular bars The former develops three independent ossifioations, viz the 
metapterygoid, quadrate and palato-pterygoid A thin secondary bone, the meeop- 
terygoid (entopterygoid) is tfttaohod to the above three from behind The metap- 
terygoid whioh forms the posteriormoet limit of the arch is attached to the antero- 
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ventral odgo of the hyomandibular The quadrate whioh is m front of and some- 
what below the metapterygoid is also m contact with the hyomandibular through 
a large symploctic, to the distal end of which the quadrate is attscUsd* The diBtal 
piece, tho palatoptorygoid or autopalatine is a fused element and lies in front of the 
distal end of the quadrate It ascends upwards and forwards and articulates with 
tho lateral ethmoid of the cranium and also the maxillae The palato quadrate has 
therefore connection on the posterior side with the otic region of the cranium through 
the hyomandibular and on tho anterior side with the ethmoid region direotly 
through tho palatine itself The mandibular part of tho arch, which represents 
the Meckel’s cartilage givos rise to the articular bone of tho lower jaw and persists 
as a slender rod of cartilage even m tho adult The tooth-bearing dentary is grown 
around the distal part of the Meckel s cartilage and forms the biting part of the lower 
jaw A small angular and a sesamoid articular are also developed on the inner 
portion of the jaw The lower jaw is connected with the palato- quadrate arch 
through the condylar head of tho quadrate which articulates with the articular of 
the jaw Tho upper jaw is formed of independently developed paired dermal 
hones, the pro maxillaries and the maxillanes The pre maxillae of both sides 
together form the entire gape of the mouth The maxillae are closdy associated 
with them and further articulate with the distal ends of tho palatine and the lateral 
ethmoid The different bones of the mondibular arch are further disonbed as 
under — 

Metapterygoid — It is a flat, somewhat chisel-shaped bone (fig 10a) with a 
broad anterior end At tho posterior extremity it has a number of pointed sphntei - 
like processes which fit into corresponding sutural notches in the antero ventral 
corner of the hyomandibular Its upper margin is entire but slightly concave and 
forms a part of the upper c dge of the palato quadrate arch The lower margin is 
straight and is applied all along its length to tho upper margin of the symploctic 
without tho intervention of any cartilage At tho anterior margin of the bone, 
thero is a thin layer of caitdago by which it is connected with the broad portion 
of tho quadrate 

Tho presence of a distinct metajitcrygoid in A hneatus is quite romarkable 
Starks (1904, a), Regan (1911) and Myers (1931) dealing with tho distinguishing 
characters even of the sub-order Poecilloidea, to which the family Cyprmoaontidao 
belongs, have stated that the motapterygoid is absent m this group Contrary 
to their observ ations it is found to be m its normal position in A hnealus It is a 
well-ossified bone with an endosteal element in it and its associations with the hyo- 
mandibular, symplectic, quadrate and tho mesopterygoid confirm its identity More- 
over, its shape and position are typically those of the metaptorygoid in the Haplomous 
fish Novumbra hubbsi (Chapman, 1934) and others 

In A panrhax and A blorhn (parvus — Sundara Raj) too, thiB bono is prosent 
just as in A lineatue In A blochn, however, it is rather more elongated than in 
A lineatu8 

The other bones of tho mandibular arch m A blochn aro similar to those in 
A linealus but somewhat more elongated Tho mesopterygoid is, however, more 
anteriorly placed and is not quite in contact with the metaptorygoid in this fish 

Quadrate — In front of but slightly below tho metaptorygoid is a large quadrate 
(fig 10a) which too is connected with the apex of the symploctic It has two 
distmet portions, viz a largo vertical one and the other narrow and somewhat 
horizontal in position Both tho portions are fused at tho middle of tho ventral 
margin of the vertical portion where they have a fused condylar head for articulation 
with the mandible Tho horizontal portion is narrow, straight and extends pos- 
teriorly from tho condylar portion to end in a point Being narrow and obliquely 
situated, the portion appoars like a thick rod in a lateral view Tho vertical portion 
is thm and more expansive Tt is connected with the metapterygoid behind and the 
palatine in front by a thin sheet of cartilage at either end Its anterior portion is 
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slightly tapering upwards and has a posteriorly direoted part of the palatine attached 
to its ventral edge 

Mesopterygmd — The mesopterygoid (fig 10c) is a thin flat bono, slightly canoe- 
shaped in outline It adheres internally to the quadrate and is attached to the 
metapterygoid by its posterior end Anteriorly it extends to the dorsal portion of the 
palatine to whioh it is fhmly attached from behind Its upper concave margin is 
slightly thickened and forms the dorsal margin of the pal ato- quadrate arch 

Palatine — The palatine or autopalatino which is a fused element of palatop- 
terygoid, forms the antenormost bone of the palato quadrate arch It is divided 
into dorsal and ventral portions by a wavy lmo running along its long axis The 
ventral portion is somewhat lancoolato in shape, smooth and toothless Its posterior 
end is pointed and lies free on the upper margin of the palato-quadrate arch The 
dorsal portion is thickened and irregular in outline Its distal portion bears two 
thick processes or heads, ethmopalatine and rostropalatine foi articulation with the 
lateral ethmoid and the maxillae respectively 

Dentary — The dontary whioh forms tho ramus of the lower jaw is a ourved 
bone (fig 11a) with its anterior thick portion bearing teeth on its broader upper 
surface and the posterior thinner portion devoid of them The anterior portion is 
circular in outline, slightly narrowing m front and along with its fellow (ramus) 
on the other side which it meets in tho middle, forms the entire semi circular tooth- 
bearing part of tho lower jaw The anterior ends of the two rami instead of being 
fuBod into a symphysis are attached to each other in the middle of the jaw by a short 
ligamont The posterior portion of tho dentary in edentulous, thin and vertically 
disposed, with a small horizontal part oxtending medially from the ventral margin 
below tho angle of tho bone The vortioally disposed posterior portion is excavated 
internally in which the anterior pointed end of the flat articular bone as also tho distal 
part of the Mockel’s cartilage are lodged 

Tho tooth on tho dontary are disposed into a broad band consisting of four or 
five rows The anterior row is oompoeed of oonioal teeth, slightly ourved inside, while 
the innermost has slightly smaller but erect teeth In between these two rows 
there are two or three rows of close-set smaller but erect comcal teeth In the angle 
of tho dentary or posterior dentigerous part of the bone, two or three teeth ot the 
outer row are shghtly thicker and longer than the rest of the outer row The inner 
smaller teeth are also more numerous in this area 

Articular — The articular whioh immediately precedes the dentary forms the 
ventro-lateral margin of the jaw on th > posterior side It (fig 11a) has two distinct 
wings— a ventrally disposed internal one and tho other vertically disposed external 
or lateral The external wing is broad in first one third and then narrows anteriorly 
The narrow taporing end is applied internally to the dentary, resulting m only the 
broad posterior portion of the articular being visible m the side-view of tho entire 
mandiblo, the rest being covered by the dontary The vontrallv disposed wing is 
thm flat, somewhat linear obovate in outline and helps to form the floor of the jaw 
The external and inner margins of tho two wings meet posteriorly and fuse into a 
ridge which finally dilates at the extreme posterior end into a specious double arti- 
oular facet for the double condylar head of the quadrate 

Sesamoid articular — On the inner side of the vortical wing of the articular is 
situated a small oblong tendon bone, the sesamoid articular (fig 11a) It is super- 
ficially attached to the proximal part of the rod-bke Meckel’s oartilage and marks 
the insertion of a part of adductor mandibulae muscles to the articular Sesamoid 
articular of Fundulus is large and of a different shape, but that of a Perooid fish 
Labrax lupus (Starks 1916, p 30) is strikingly similar in shape and position to that 
m Aplochetlus 

Angular — Angular (fig 11a) is a very small triangular bone which forms the 
inner angle of the ventral wing of the articular It is dose to the artioular facet 
but does not take part in the actual artioulation of the jaw 
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Pre-maxxUary — The pre-maxillanes are prominent tooth-bearing bones which 
on both sides togethor form the entire upper jaw They share eqflfcUjion the forma- 
tion of the jaw and meet anteriorly m the middle but do not fuse into a symphysis 
Each side after bordering the jaw protrudes baokwards and downwards as a stout 
arm to end into a thick prominent spine bolow the angle of the mouth The arm 
is slender at the angle of the jaw, but flattens posteriorly and finally terminates 
into the aforesaid spine Further, tho teeth-boarmg portion of the bones have 
flat triangular processes of considerable sire extending posteriorly along the dorsal 
levol of the skull Tho process! s on both sidos approach each other medially, but 
remain sbghtly apart all throughout The teeth on tho upper jaw are almost of 
the same typo as on the dentary oxcopt that in tho former there are more rows of 
smaller teeth between the larger outer row and the smaller inner one All the rows 
together form a broad band of conical tooth A few teeth in the corner of the jaw 
are also thicker and longer corresponding to similar teeth on tho dentary Tho 
descending arm of the pre-maxillary, too, has ono or two rows of smaller teeth within 
the gapo of the mouth which are directed anteriorly Tho remaining terminal 
portion of tho pre-maxilla is devoid of teeth 

Maxilla — The maxillae or the maxillary bones of both suits do not tako part in 
the formation of the upper jaw but are situated immediately behind it and in front 
of the lachrymal Each maxilla is a curved, rod-liko bone which starts extornally to 
the terminal process (Bpmo) of the pro-maxilla, which it overlaps, and asconds medially 
upwards, describing a slight curvature As it reaches below the nasal bone, it 
twists over itself and changes its curvaturo and proceeds medially to reach below 
the distal portion of tho posteriorly directed triangular processes of the pro-maxil- 
larios At the twisted portion, the bone is considerably thickened and possesses 
articular surfacos Of these a prominent articular facet is situated in tho vontro- 
posterior dirootion for tho terminal rostropalatmo head of the palatopterygoid 
The lateral ethmoid and the nasal are also m contact with this surface The distal 
ourvature is shorter and tho bone slenderer than tho proximal portion Tho lower 
end of the maxilla is m contact with the posterior spine like portion of the pro 
maxilla, and upper extremity is attached ventrally to the posterior procoss of tho 
same bone Thus, with the help of the articular surfaoes on the palatine both the 
ends of the maxilla may be oasilv turned to push the pro-maxilla outwards and 
forwards 


(2) Hyoid Arch 

The second or the hyoid arch has two portions, the dorsal moludmg the hyo- 
mandibular and symplectic, and tho ventral forming the hyoid cornu The hyo- 
mandibular is one of the most important bones of tho visceral arches It gives attach- 
ment to the jaws, the hyoid cornu and the oporoular boneR Tho palato-quadrate 
arch is suspended from the skull through the intervention of thiB bone, giving the 
hyostyho suspensonum to the jaws The details of theso bones aro as follows — 

The hyomandibular (fig 10a) is a somewhat quadrilateral flat bone, vertically 
disposed in the post-orbital region with several short processes, condyles and facets 
en its surface for attachment to other bones There are two prominent oondylar 
heads on its upper edge by which it is articulatod with the pterotio and sphenotic 
of the otio capsule, corresponding facets for this artioulation being situated on tho 
respective bones The third prominent condyle is situated on the postonor edge of 
the bone and servos for the articulation of the operculum The two upper oondylar 
heads are at the extremities of two distinot rod-like stems on tho body of the bone 
whioh appoar to meet in the middle of the postonor half of the bone From the 
upper half of the bone a flange-like ridge passes obliquely downwards to terminate 
into a point on tho posterior edge A passage for the hyomandibular nerve is 
present but not quite apparent in the lateral view 
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At the lower extremity of tho hyomandibular three separate bones, viz mter- 
hyal, sympleotio and metaptorygoid are attached to it At tho postoro-ventral 
corner a small mtcr-hyal is attached through a short interspace of cartilage To 
the same cartilage but above the ante ro vontral oorner tho metapterygoid is sutured 
The hyomandibular thus forms an important link through which the mandibular 
arch as well as the entire branchial skeleton are attached to tho oranium 

Symplectic — Unlike in many other fishes the symploctie m Aplochnlus is quite 
large and well developed (fig 10a) Tt is roughly plough- like in shajie, with its base 
towards the hyomandibular and apex anteriorly directed The inner or the upper 
margin is bent inwards, making a small angle There appear to bo two different 
regions located on this bone, namely a mam pointed rod-hko portion and a thm 
membranous wing below and in front of it The rod liko portion is fusiform, like the 
sympleotio of many othor fishes, and is in contact with tho lower articular end of 
the hyomandibular, with a portion of oartilago covering both tho articular surfaces 
The wing-hko portion forms tho lower and the front border of the bone, moluding 
the pointed apex The latter has a small ridge on it running to its extremity, and 
the whole ih firmly wedged in the posterior notch of tho quadrate 

The hyoid cornu — The hyoid cornu or tho hyobranchial skeleton is fully de 
volopod with all its usual characteristic structures It consists of two lateral arches 
on two sides of tho bucoal oavity, starting from the respective hyomandibula, and 
sloping downwards and forwards to meet the corresponding bone from tho other 
side in the mid ventral lino below the floor of tho same oavity Each half of the 
arch is made up of tour segments, tho inter hyal epi hyal, corato hyal and a double 
hypo-hyal on each aido These are attached to a median basi-hyal on the ventral 
floor, which, in fact, forms the antenormost part of the arch and supports the 
tongue The last element is further supported by a median urohyal from below 
These segments are connected with ono another by means ot a small layer of 
oartilago and form a strong supporting structure to the body wall Being closely 
associated with tho hranohial arches which are m close proximity on tho posterior 
side, this arch is also called the hy branchial skeleton 

The dorsal moat segment of tho arch is a small inlor-hyal or the stylo-hyal 
which is dorsally attached to cartilaginous intorspaco below tho jKwtoro-ventral end 
of the hyomandibular ‘It has sometimes boon compared to the epi-branchial 
but probably is a new formation (Goodrich, 1930) ’ The thickened dorsal head of 
the bone is lodged m the oartilagmous interspace, being immediately behind the 
sympleotio, which is also attached to the same oartilago but lies in a different direc- 
tion The inter-hyal is a small hour-glass shajwd bone (fig 9a) extending obliquely 
forward from its origin and furnishing means of attachment to tho noxt piece of the 
arch, viz the epi-hyal, with a pad of cartilage in between To the same cartilage, 
the dorsal edges of tho preoperolo and interopercle are attached by hgamonts and 
help to synchronise the joint aotion of the opercular apparatus and that of the 
branohiostegals which are placed on this arch 

The epi hyal (fig 9a) is a roughly triangular piece hanging from the inter-hyal 
and proceeding in the antero-ventral direction Its posterior margin is circular 
(oonvex) and the apex, whioh is directed posteriorly is slightly bent and thickens 
to form a oup whioh fits exactly on the cartilage at tho lower end of the inter-hyal 
The base of the triangular bone is broad, points antonorly and touches the following 
segment of the aroh, the cerato-hyal with a thm interspace of cartilage between them 
The dorsal side, however, is without any cartilaginous interspace owing to a secondary 
thickening of the bones, which form a sort of long ridge running along the entire 
dorsal edge of the bone right from its posterior end and oontmuing over the dorsal 
edge of the oerato-hyal to its anterior extremity Such connections on the corres- 
ponding bones but in the shape of very small splints have also been rooordod in 
0 ruber (Dharmarajan, 1930) The ridge found in Aplochetlus is of a similar type, 
but comparatively pronounced and long, and appears to exist merely to strengthen 
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tho bones Appearance of such strengthening ridges on the particular bone m 
fishis phylogenetioallj far apart is significant in view of an oplMsa* which states 
that the epi-hyal and the oorato-hyal of modern Teleost have been a single element 

But tor the aforesaid ridge and the posterior articulating head, the opi-hyal is 
thin and its surfaoe plain The first or the postenormost branohiostegal ray is 
attached to thm bone from outside Tho noxt ray is only partially attached to this 
bone as a portion ot its attaching burfaoe bes on the oartilagmous mtorepaoe between 
this bone and the oerato-hyal There is no depression on the bone for the attach* 
ment of either of these rays as recorded in O ruber 

The corato hyal (fig 9a) which immediately follows tho epi-hyal and is oonnocted 
with it along the dorsal edge, has a broad proximal portion which immediately narrows 
into a bar in the middlo of the bone, eventually bifurcating mto two rod-hko 
extremities Tho extremities are tipped with cartilaginous heads for attachment 
to the two hypo-hyals The bony membrano connecting them is not complete and 
towards the distal ends they have a quantity of oartilage between them also Tho 
third and tho fourth branchiostogal rays are attached to the broad proximal portion 
of the bone from outside, while tho remaining two branchiostegals are attachod to 
the ante i lor bifurcating part of the hone from inside 

Tho hypo-hyals (fig 9a) whioh are in close oontaot with tho oorato-hyals, are 
double pieces of bono on oither side of tho aroh They are small nodule like struoturos 
placed one over the other as dorsal and ventral pieces with a thin layer of cartilage 
in between They correspond with tho anterior dorsal and ventral extremities of 
the cerato-hyal, the terminal cartilaginous hoads fitting closely in tho small posterior 
concavities of the hypo-hyals One of these hones ib somewhat large in some 
speoimens, hut in Aplochetlua both hypo-hyals appoar to be of almost equal size and 
enclose a good amount of cartilage in them, tho ossifications ooourrmg m only the 
superficial layers of tho hones 

The hypo-hyals aro fronted by a median, largo cartilaginous plate, tho bosi- 
hyal, which oxtends forward from tho hypo-hyals and forms the support for tho 
tongue It is a flat triangular pioce, with the haso faoing anteriorly and the apex 
lying above the hypo hyals to which it is attached by fibrous tissue The apex of 
the bone Is ossified and develops an artioular surface by which it is attai hed to the 
anterior hoad of the first basibranohi&l Though the hasi-hyal is mainly carti- 
laginous, ossifications, nevertheless, appear in different places and speoiaUy, to a 
greater extent at tho posterior jiortion near the hypo-hyals and tho articulating apex 
of tho hone 

Description of the hyoid cornu would be incomplete without mention of two 
other elements, although they do not belong to this arch Those oloments are the 
bianihiostegal rays, attached direotly to the segments of tho hyoid oornu, and the 
uro hyal or the hasi-branohiostegal attaohed to the cornu only through short 
ligamonts 

Tho number of branohiostogals is six They are attaohed to the hyoid oornu 
anteriorly while they are free posteriorly In the living condition they are oonneoted 
all throughout by a thm fold of skin between them and aro foldod fan-like below the 
opercular elements They are grouped according to their attachments, the posterior 
group consisting of the first (posterior) four rays and the anterior of the remaining 
two rays 

The rays (fig 9a) of the first group are broad, sabre-shaped and attaohed, as 
already stated, to the outer surfaces of the portenor margin of the epi-hyal and the 
cerato-hyal The attaching surfaces are broad and flat and adhere to the respective 
bones without any ligament The rays are ourved, pointed posteriorly and broader 
towards their anterior extremities They are thin and flattened laterally, 
but in the middle third of their length they thioken slightly on their dorsal edge 
Further on, the thickening develops into a central ridge on the outer surface of the 
rays as they approach the attaching surfaces The first (posterior) ray is the broadest 
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of all and is also the longest, reaching even the posterior extremity of tho operclo 
The other rays that follow hecomo gradually shorter and narrower as they extend 
towards the anterior end All tho rays fold below the opercular apparatus, but 
only the first two are covered by the lower margins of the opercular bones, behind 
which they fold 

Tho rays of the seoond group, namely, the 5th and 6th rays although similarly 
disposed and folded, are shorter than tho rays of the posterior group There is an 
appreciable distance between the points of attachment of tho rays of tho two groups 
Moreover, the rays of the anterior group aro not so modified in different regions as 
they are in case of tho posterior group Another important jioint of difference is 
that, unlike the rajs of tho posterior group, the 5th and 6th rays are attached to the 
inner surface of tho nanow anterior portion of tho cerato hyal This attachment 
being through a short ligament is firmer than tho posterior group of rays which 
having no ligament can be oasily detaohed 

Hubbs (1920) pays considerable attention to the form and arrangomont of the 
branobiostegal rays m different groups of hshos His own view is that m higher 
groups of teleosts there is ‘a peculiarly constant airangement of the branchiostegals ’ 
and that the arrangement found in Miorocyprmi is similar to that in Aeanthopteri 
The arrangement of branchiostogals in A Ivmatus studiod here also agrees with the 
description givon by Hubbs for Miorocypnni and, thus justifies for it a place near 
the Aeanthopteri (Perciformes) which Hubbs, too, has allotted to tins order (Micro- 
cyprini) 

The uro-hyal or tho basi-branchiostegal which was also styled ‘sternum’ by 
Allis, is a thm, vertically situated plate of bone ljmg very close to, or as if bisecting, 
tho angle formed by tho mesmlly meeting halves of the hyoid cornu below the floor 
of tho throat The uro hyal is, somewhat triangular (at ute angled) in shape, with 
its apex near tho angle of the cornu and tho rest of the body traibng behind At 
tho apex tho uro hyal thiokons into a round tuberosity from which two strong, short 
ligaments proceed to tho mesial surfaces of the lower hypo-hjuls on each side To 
the lateral surfaces of tho posterior part of the bone similar ligamentH arising from 
the antero-v entral extremities of the poctoral arch aro attached The shape of tho 
bone slightly varies, however, in some specimens in which on tho dorsal side there 
is either a dorsally or poetoio-dorsally directed process just behind the anterior 
tuberosity The thickness and the length of tho process also vary according to 
specimens 

Tho opercle (fig 8) is a prominent bone on tho lateral side of tho skull It is 
almost tnangulai in shape, tho triangle being equilateral with its base parallel to 
the dorsal profile, and the apex pointing below At the anterior corner there is a 
prominent spine, at the base of which lios a facet for tho articulation of tho operolo, 
with a largo condyle on the posterior odge of the hyomandibular The inner surface 
has two or three ridges radiating from the articular facet The outer surface is 
smooth and slightly convex 

The pre-operolo is peculiarly shaped It has two arms one posterior and the 
other ventral and" anteriorly direoted with a membranous connecting lamina between 
them The posterior arm is almost vortical and originates near the tv omandibular 
artioulation of the opercle It extends round the angle of the bone and the ventral 
arm proceeds anteriorly to meet tho quadrate Both arms tiro channelled and form, 
m faot, a single continuous canal along tho entire posterior and ventral margin of 
the bone The canal is comparatively wide and opens outwards (laterally) along 
the vortical arm and then slowly twists at tho anglo to open ventrally along the 
lower arm This ventral arm, terminating near the quadrate, is disposed m suoh a 
way that the artioular condyle of the latter is m the same curvature as that of the 
former, and, superficially examined, appears continuous 

The sub-opercle is another thm membranous bone bordormg the operole pos- 
teriorly as well as below The inner edgo has a wide notch wherein fits the lower 
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extremity of tho operole The bone terminates in a truncated edge near the angle 
of the pre-opercle Immediately in front of the truncated edge is another mem- 
branous bone, tho mter-operole, which togother with the sub^pocple forms the 
posterior and ventral margin of the operoulum The mtor-operole is also some- 
what triangular in form with a short base at the truncated edge of the sub-opercle 
and two long sides directed anteriorly The bone runs below the margin of the pre 
operole and ends along with the latter near the articular surface of the quadrate 
A ligament joins tho mter-oporole to the angular of tho lower jaw 

(3) Branchial Arches 

Immediately bohind the hyoid oornu aro situated five branchial arohes, whioh 
together form the branohial basket or the skeleton supporting the gills in the pharyn- 
geal wall Of these only the anterior four bear gills on their posterior faces The 
fifth is thickonod and modified to bear tho lower pharyngeal teeth for mastication 
Each arch, is, as usual, mado up of two lateral halves m the pharyngeal wall and 
unito in the mid-ventral line Unlike in tho hyoid cornu, the halves of the branchial 
arches moot m tho mid-dorsal line also Each half of the aroh consists of almost 
tho same number of segments as m hyoid oornu with certain parts modifaed and 
other missing according to tho specialised functions of the parts Generally, oaoh 
half is made up of tho pharyngo-branohial and epi-branohial on the dorsal side, the 
corato bronchial on tho lateral and ventral sido, and the small hypo-branohial near 
tho mid-ventral line In addition to these four there is a median bam-branchial, 
corresi>onding to basihyal on the hyoid oornu and is attached to both hypo-branchials 
as a common piooo to both halves 

The higher degree of specialisation expected in the branchial skeleton has led 
to different modifications of its parts Nevertheless, corresponding segments of 
different arches have almost similar modifications or special struoturos on them 
Hence, instead of each arch boing described separately, the corresponding segments 
from different ar« hes aro treatod serially group by group in the following aooount 

Pharyngo-branchials — The pharyngo-branchials are originally the dorsal seg- 
ments of tho branchial arches In the embryonic stages they are oartilaginous and 
rod-like, but as they develop their struoturo changes completely They become 
thicker, flattened dorso-vontrally and are ultimately designated as pharyngoal 
bones In addition to these changes, the bones undergo further modification to 
bear prominent teeth on their ventral surfaces which project inside the throat from 
the roof of tho pharynx The bones from both sides meet in tho mid-dorsal line, 
but do not fuse, there being some muscular tissue between them They, thus, form 
two patches of strong tooth-bearing bones on the dorsal side The ventrally directed 
teeth on theso bones work against similar but dorsally pointed teeth on the fifth 
arch on the floor of the throat and help m mastication 

The pharyngo-branohial bones on each side are three irregularly shaped pieces 
of bones (fig 9c) which together form the pharyngeal bone on that side The middle 
pioce is nearly doublo tho sizo of the other two and represents fused pharyngo- 
branchials All the pieces, though separate m thomselves, are imbricated and very 
olosely set together The bone can, however, be split up on maceration 

The first pharyngo-branohial is thickened triangular piece of bone which has a 
single row of teeth on its posterior margin The last tooth on the mesial side is 
bigger in size, the others behind being smaller In the anterior oorner of the tri- 
angular bone there is a short articular head covered with a thin layer of oartilage 
To the back of the head a oartilaginous rod is attached and it points laterally in 
plaoe of the respective epi-branohial 

The second and third pharyngo-branchials are fused into the large middle piece 
of the pharyngeal bone It is a broad quadrangular pieoe of bone, bearing on its 
ventral surface prominent oomoal teeth slightly ourved at their tips They are 
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thiok at their bases, two or three of them on the anterior margin boing particularly 
thickened and larger than the rest The lateral edgo of the bone has two small 
artioular heads — ono anterior and tho other posterior — for the artioulation of the 
second and third epi-branohials A third very prominent articular head is situated 
on the posterior edge of tho bone, with which the fourth thickened opi-branohial is 
articulated 

The third toothed piece which represents tho 4th pharyngo-branchial, is more 
thickened than the first bone and has on it a larger number of teeth of different sizes 

Ept-branchtals — Among sovoral ossifications in this area the first opi-branchial, 
remarkably enough, remains quite cartilaginous and rod like throughout the adult 
condition It is attached, as stated previously, below tho anterior articulating 
head of the first pharyngo-branchial and extends towards tho lateral wall of the 
pharynx to meet the cerato-branohial At the junotion of and in tho angle of these 
two bones is a rod-like ossification firmly attached to the oartilaginous joint In 
form, it is Bimilar to tho third and fourth epi branchials, although much smaller in 
size Its position suggests that it must bo either a super-opi-branchial ossification 
similar to the supra-pharyngo-branchial in some forms like Scomber, Otolithus, etc 
(Dharmarajan) or that the postenormost gill-raker of the first oorato branchial 
must have developed abnormally and attached itself to the cartilaginous ond of tho 
first epi-branchial 

The seoond opi-branohial is rod-like towards the pharyngeal bone, but at its 
contact with the corato branchial it has a hammer shappod double head It is 
attached by fibrous tissue to the first phafyngo- branchial , but its real articulating 
surface is on the second bono as stated previously 

Tho third epi-branohial is also rod-liko towards the pharyngeal bones and 
hammor-like at the other ond, hut is shorter in length and slightly thicker than the 
previous piece Tho hammer-like portion is considerably larger, and the outer head 
is also longer The bono artioulates mesially with the seoond pharyngeal bone 
at tho antero-lateral corner of the latter 

The fourth or the last epi-hranohial is the most thickened and woll-devolopod 
piece amongst the epi-branchials It is slightly flattened and bent outwards behind 
the spot where it attaches itself to the pharyngo-branchial bone Tho outer 
surface of the bent portion has a thickened head projecting outwards Unlike m 
the former two epi-branchials thero is no hammer shaped thickening or any othor 
tuberosity at the other end of the bone, the oartilago at tho tip of the corresponding 
oorato-branchial being attached only to the inner surface of its extremity The bone 
is attached to the second pharyngo- branchial bone by a prominent articulating surface 
on the posterior face of the latter and to the fourth pharyngo-branchial by a fibrous 
connection Thus, the fourth epi branchial is, by far, the most prominont and best 
developed bone of the group and on it must be falling the task of mastication through 
tho movement of the pharyngoal bones (See figs 9e and d ) 

Cerato-branchuil8 — Tho cerato- branchials are the most prominent as also the 
longest parts of the branchial skeleton Their structure, position and points of 
attachment are almost similar They are four elongated and slightly rod-like 
structures on the lateral wall and the floor of the pharynx DorsaUy, they have 
cartilaginous tips whioh are attached to the epi-branohials at the lateral margin of 
the pharynx Immediately behind this point of attachment they bend sharply 
inwards and converge from both sides mesially, ventrally and anteriorly for a consi- 
derable distance from their origin, to meet the corresponding hypo-branchials near 
the mid-ventral line The first three cerato-branohials are alike in this respect, 
because their anterior ends are capped with the cartilage and are firmly united with 
the hypo-branohials The fourth pair is, however, different from the rest as the 
oerato-branohials fuse with hypo-branobials and the fused elements from either side 
are attached to the median cartilaginous baai-branchial (Fig 12 ) 
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The inner and outer faces of the eerato- branohials have gill-rakers of different 
forms m different places Unlike 0 ruber and other Bpecies in which gill-rakerB are 
found on all the three pieces, namely the epi-, eerato- and hypo-bralMuals , they (gill- 
rakers) are usually found only on the oerato-branchials in A hneatua 

On the first cerato-branohial, the first gill-raker (fig 12) on the outer side is a 
small triangular bunch of minuto coruoal teeth attached to the outer faoe of the 
branc hial bar The second and^ succeeding gill-rakers on the outer face of the first 
eerato- branchial are peculiarly modified The second gill-raker (fig 9b) is a linear 
lanceolate flat piece, on the postero- mesial edge of which grow, inwardly directed, 
minute conical teeth on the distal two thirds of its length The teeth are in a single 
row, but towards the proximal portion there are a few double rows also Tho 
succeeding gill-rakers on tho outer face are of the same shape as tho second, but 
longei posteriorly The fifth and sixth, or at times the seventh also are of the 
maximum size, while the rest are shorter posteriorly The lanceolate gill-rakers 
are generally eight or ten, and are attached obhquely to the faco of the branchial 
bar, so that the row of tooth points towards the throat The last two or three gill- 
rakora are small and of tho same typo as tho first raker Tho post onor most, howover, 
is largo, dorsally placod and modified as a rod like piece of bone on the proximal 
portion of tho epi branchial 

The niner row of gill rakers on the first cerato-branchial consists of teeth (fig 9b) 
almost of tho same typo as the first gill-rakor on the outer side, but the row of teeth 
in caoh group is slightly semi oiroular, instead of triangular, and attached from the 
inner side Kaoh group forms a single giJI-rakor and the total number is almost the 
same as on the outer side 

The gdl-rakors of the inner and outer towb of tho seooud and third, and outer 
row of the fourth are similar and of tho same type as on the inner row of the first 
There aro no gill-rakers on the inner sido of tho fourth, but on the inner surface of 
the bar itself there is a narrow band of oomcal teeth along its entire length On tho 
outer surfaco of the reducod fifth arch also there is a row of vestigoal gill-rakers 
attached only to tho middle portion of the bono 

Hypo-branchials — The hypo-branchials (fig 12) are present only m the first 
three arches They are thick nodule like structures attaohed to the distal end of 
the cerato-branohials on the one side and to the basi-branchials in the median line, 
cartilaginous interspaces intervening between all attachments On the dorsal 
surface of these hypo-branohials there are groups of ereot conical teeth projecting 
into the throat On tho first hypo-branclual the group of teeth is rather small, 
but increases in extent on the second and is widest on the third, on whioh the teeth 
also aro bigger and more prominent 

There is no soparato and distinct hypo- branchial segment in the fourth arch 
just as in the Haplomous fishes, but the terminal portions of tho fourth cerato- 
branchials have fused with the hypo-branchials Theso portions bear prominent 
teeth just as in case of the third hypo-branchials, the patoh of teeth, howover, being 
continuous with small teeth on the inner surfaoe of the bone Chapman (1934) also 
subscribes to this view in respeot of Nommbra, wherein the same segmont is found to 
be absent 

Basi-branchials — The four functional arohes aro supported by four basi-branohials 
(fig 12) Being the median segments of the arches the basi-branohials are situated 
in the mid-ventral line, and the hypo-branchials from both sides are attaohed to 
them laterally m the horizontal level The four basi branohials, along with the three 
hypo-branchials, a basihyal and the oartilage between all theso pieoes produce a 
strong and firm floor for the buooal cavity As the basi-branchials in the adult 
form are considerably displaced from their premordial position between the hypo- 
branohial segments of the respective arches, their attachments are not strictly limited 
to the corresponding segments only but are mutually adjusted according to their 
positions, so as to porfeot a firm supporting floor. 



0 V KULKABNI THE OSTEOLOGY OF INDIAN OYFBINODONTS 


85 


Only the first three out of the four basi-branohials (fig 12) are ossified and 
elongated, while the fourth, which is cartilaginous throughout, is short and rhomboid 
in shape Curiously enough, the same fourth basi-branohial is small and unossified 
both in 0 ruber and Scomber (Dharmarajan, p 43) This indicates that some 
definite significance is attached to the oartilagmous nature of this segment, whioh 
remains unossified among the assemblage of so many other bony structures Per- 
petually mobile condition of the branohial apparatus for respiration and for food 
requires a firm binding quality and at the same time certam amount of elasticity for 
tho central uniting piece Those qualities are better afforded by cartilage, and that 
appears to be tho reason why the fourth basi-branohial romams cartilaginous m 
A hneatus as also in other forms 

Fifth arch — The fifth aroh, which forms the postonormost element of tho 
branchial skeleton, is a considerably reduced and muoh modified piece of this skeleton 
Instead of forming part of the lateral wall, the arch romams entirely on the floor 
of the pharynx and is developed into two pharyngeal bones The posterior halves 
of tho bones are somewhat tapering, bent postero-laterally and thus diverge from oaoh 
othor The antorior parts are straight and lie close and paiallel to each other near 
the mid-ventral line Tho anterior extremities approaoh the fourth cerato branchials 
from behind and are attached to the fourth basi branchial The pharyngeal bones 
are considerably thickened in the middle angle of their bodies and boar thick promi- 
nent toeth of different sizes oil their dorsal surfaces The teeth project into the 
throat from the floor of the pharynx, which is formed by tho bones themselves The 
posterior row of teeth is very large and thick, particularly two or three teeth towards 
tho median line are roinarkably large and are tho biggest of the whole lot They 
are of the same type as the large teeth ooournng on the upper pharyngeal bones 
The tips of the vontral teeth are bent anteriorly and those of the doisal posteriorly 
Both thoso types of teeth work on each othor with the help of tho strong musoles 
attaohod to the respective bones and masticate the food Tho other tooth on the 
lower pharyngoals booome smaller towards the anterior end and are of the same 
typo as the small teeth on the upper pharyngeals 

Post-temporal — Tho post-temporal (fig 8) is a purely dermal bone through 
which tho peotoral aroh on oaoh side is connected with the skull It has a rod- like 
anterior portion which rests on the epiotio end and a broad slightly channelled 
posterior portion which is applied to tho outer surface of the oleithrum below its 
spine The channelled portion faces anteriorly and the lower side of the channel in 
that position is broader and extends more anteriorly than the othor side which 
remains narrow and small The sides of the channel represent the upper and lower 
wings of the complicated post-temporal bone, developed in Pnccillidae Although 
the distal end of tho bone rests on the dorsal crest of the epiotio, there is no liga- 
mentous connection between them The bone merely lies in the deiuial tissue and 
may be easily dislodgod with tho flesh The real contact of tho post-temporal with 
the skull, however, is through a ligament whioh arises on the inner anterior surface 
of the bone in front of the posterior broad portion and attaches itself to the posterior 
ventral margin of the opiotio In some specimens the ligament is ossified at its 
insertion on the skull while in others it is ossified at the other end on tho post-temporal 
The ligament when ossified in the post-temporal region appears like a small pointed 
process which originates in front of the broad portion, almost m the middle of the 
bone The distal ossifioation of the ligament is diso-hko and is applied to the outer 
surface of the epiotio Some specimens have both ossifications Tho post-temporal 
fork found in many fishes is absent m A hneatus, but smee its place is taken up by 
the ligament whioh has a tendency to ossify, the ligament may be said to represent 
the lacking fork, as has been oonjeotured by Gilbert (1865, p 403) in regard to 
Haplomous fishes 
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Head skeleton of Oryzias melastigma (McClelland) 

The head skeleton of 0 melastigma (fig 13) comprising the%fc*U proper and 
(ho visceral skeleton, is hardly 6 mm in length and less than half as long as that 
of Aplocheilus hneatus Although the skull is not very broad and dorsally flattened 
like that of Aplocheilus, it is nevertheless, moderately flat and slightly tapering 
antoriorly, on account of the jaws being comparatively smaller in size Moreover, 
the jaws not being much prolonged anteriorly, the pre-orbital region is also rather 
short, the orbits, howovor, bomg proportionately larger than in A hneatus The 
dorsal surface of the skull is smooth, with the characteristic curvatures of tho 
frontals and has a transverse oblong doprossion m tho pre-ethmoidal rogion The 
depression is not so evident m Aplocheilus Tho visoeral arches are situated mainly 
below tho posterior portion of the skull and contribute towards tho height of the 
head skeleton which is greatest in thiB rogion Tho arches extend anteriorly also 
and give a tapering character to the ventral profile The dorsal profile is almost 
stiaight oxoept in the pre-ethmoidal region, where there is a slight depression Tho 
height and tho breadth of the head skeleton m the posterior region are almost equal, 
and are contained about 1 5 times in the total length of the skull with the jaws 


(1) The Skull (Figs 13 and 14) 

The skull proper is limited anteriorly by a thin mosethmoid, as tho usual vomer 
is absi nt in 0 melastigma On the posterior side the processes of tho BUpra-occipital 
arc shorter than in A hneatus Another remarkable difference in this region is that 
tho < pioticn bear a pair of long posteriorly directed processos on their outer surfaces 
These aie not found m Aplocheilus The opiotic crest is also not so prominent as 
in the latter Tho skull is dopiessed in the postero-lateral corner and the pterotic 
bone representing this area is placed on a lowor lovel than that of tho adjoining frontal 
and the supra occipital On tho inclined portion of those two regions is a small 
cartilaginous area between tho pterotic and the frontal, which remains uncovered 
duo to the absence of panotals The cartilaginous aroa, being on the inobned 
portion, is not quite visible m tho dorsal view, but is evident only if the skull is tdted 
slightly There is another promuiont quadrilateral area in the postero-lateral corner, 
which is very lightly stained, but just as m A hneatus, the aroa is apparent only 
because thore are no thickened structures bolow it in contrast with the adjoining 
aroa which possesses them 

The ventral surfaoo of tho skull is excavated by the orbits as usual, and the 
inter-orbital space being uncovered by any skeleton structures, is wider than m A 
hneatus owing to narrower parasphenoids Tho ventral levol of the skull is also 
not so uniform The ethmoid rogion being low in height and there being no vomer, 
the parasphenoid which oocupies the mid-ventral position ascends upwards in the 
anterior region to meet the dorsally situated mesothmoid 

The basi-ocoipital (fig 14) is on a slightly higher lovel than tho pro-otio and the 
parasphenoid, whioh proceeds to moet the former, leaves a small gap between itself 
and the ventral surfaoo of the pro-otic Tho ventral surfaces of both basi-occipital 
and the pro-otios aro inclined on the lateral sides, and with tho narrow parasphenoid 
in the median Ime form a low keel on the ventral side At tho posterior end of the 
skull there is the artioulatory concavity of tho basi-ocoipital, with a wide oonstnotion 
behind it On the lower level of this concavity are tho ex-ocoipital condyles on 
either side of tho foramen magnum The postero lateral comer of the skull is 
flattened just as on the dorsal side, but the depression on tho medial portion of the 
pterotic is dooper than in A hneatus and resembles the pterotio rooess of other 
fishes 

Just as in A hneatus there are no cartilaginous areas on tho ventral surface of 
the skull of this fish, but the replacing bones of tbe skull arc separated by thm layer 
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of cartilage betwoen them, the layer bemg somewhat wider between tho ptorotio 
and other bones The other peculiarity in common with that of A hneatus is that 
the replacmg bones have a thin layer of cartilage even between tho inner and outer 
surfaces or lammao of eaoh bone 

After the removal of the frontal bone, whioh covers a major portion of the brain 
oase, the anterior region is almost as equally ill-provided with skeletal structures as 
in A hneatus The orbito sphenoid and basi sphenoid are absent and the ethmoid 
remains cartilaginous Tho only improvement in O melastigma is that tho carti- 
laginous strand at the distal extremity of the supra-oooipital, joining the alisphonoids 
on either side, is wider and moro extensive Moreovor, the alisphonoids are also 
wider and more strongly built m this fish 

Tho skull is divided as usual, in the four regions, namely, the ethmoid, orbito- 
temporal, otio and occipital 

Ethmotd region — Tho ethmoid legion of O melastvgma differs from that of A. 
hneatus in cortain romarkablo features It has a prominent mesethmoid, which is 
both largo and well ossified, and has no vomer developed on its voj^ral surface 
It has the same position m relation with other bones as in A hneatus and forms the 
anterior margin of tho brain oavity The median transverse portion of the ethmoid 
region romains cartilaginous The lateral extremities are covered by tho lateral 
othmoids On tho ventral sin lace, the paraspbenoid extends beyond the median 
cartilage and meets tho mosothmoid from below The posterior lace of the ethmoid 
cartilage oxtonds postenorly, on both the dorsal and ventral levels into the mem- 
branous projections, almost in the same way as in A hneatus, but the membrane 
is narrower, and tho triangular extremity of the dorsal entirely absent Tho ethmoid 
cartilage is produced ui tho antonor direction just as m A hneatus, but, unlike in 
the latter, tho mombrane is on the dorsal level of tho cartilago, and is ossified into 
a mesethmoid bone in this fish 

Mesethmoid — Tho mesethmoid (fig 13) is a median, oiroular soale-hke bone 
in front of tho ethmoid oartilage It has the nasals on its either side, tho lateral 
ethmoid in the postoro-lateral direction and tho frontals behind In front, the 
extremities of the posterior processes of both pre-maxillanos rest on the anterior 
portion of the bone Tho vontral surface has a shallow groove in tho posterior half 
of the bone in which tho anterior extremity of the parasphonoid is lodged 

As stated above, the mesethmoid in O melastigma is an ossification of the anterior 
prolongation of tho ethmoid oartilage, and according to some authors it is termed 
as ethmoid bone A narrow strip of oartilage continues to remain unossifiod on tho 
anterior and lateral margins of the bone even in tho adult condition Between the 
upper and lower surfaces of tho bone, is a layer of cartilage winch is oontinuous 
with the ethmoid cartilage behind and divides the bone mto upper and lower laminae 
The cartilaginous layer is thin anteriorly and thicker m the posterior portion, so a a 
to make the two laminae more evident only on the posterior sido 

The mesethmoid in 0 melastigma agrees m certain respects with the descrip- 
tion of that bone in Fundulus (Starks, 1920) as well as m Poooilhdae m general 
Starks, however, describes the bone in Fundulus as having a double laminae only 
in tho posterior part with some oartilage between In Belonesox behzanus also 
(Starks, op cit ) ‘the mesethmoid is a thin diso, soaroely ossified, though it is oasily 
separable from the cartilage under it In some of the Haplomous fishes tho meseth- 
moid is aotually in the form of two bony discs, with a short column of cartilago 
between ’ A double laminar structure with cartilage in between thus seems to be 
a oommon featuro of mesethmoid in many fishes 

Starks (he cit ) believes that mesethmoid is generally of dermal origin and m 
some oases (Perooids) of a ‘dual origin, its surfaoe being eotosteal and its interior 
endosteal though often of oartilage, with spicules of bone scattered through it’ 
Elsewhere he observes that ‘very often’, even in most specialised fishes, ‘mesethmoid 
is a thin shell of surfaoe bone with the ulterior filled with oartilage ’ The assooiation 
3 
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of mesethmoid with a oortain amount of cartilage, thus, appears to be constant 
faotor in most fishes and may inchoate that the mesethmoid may beof cartilaginous 
origin, the cartilage having a tendenoy to ossify only on the upper amHftwer surfaces 
and to assume different shapes In 0 mdaahgrna, at least, the mesethmoid soems to 
have originated in cartdage, ossify mg only in a circular area on the upper and lower 
surfaces Even on its anterior and lateral sides there is still a thin strip of cartilage 
persisting Moreover, ossifioation on either surfaces, with cartilage in between, is 
a condition prevalent m all the replacing bones of this hsh, including even the 
complicated otic bones A similar condition in the mesethmoid also strengthens 
its olaim to be replacing bone originating in cartilage 

Tho mosethmoid in A lineatus, although entirely oartilagmous (vide infra, p 4) 
is different from the type of mosethmoid described above, and is independent of tho 
ethmoid cartilage 

Lateral ethmoid — The lateral ethmoid (fig 14) is almost similar to that of 
A lineatus, except that the margins of the bone in 0 melastigrrui are less thickened 
Moreover, a small postero lateral lobe is not covered by ossification The posterior 
transverse portion of the bone lies below the anterior margins of the frontals Tho 
nasals arc attached from above and roof the olfactorj area which is situated m the 
antero lateial corner of the bone The area is bounded by the anterior and trans 
verse portions of the bone on two sides and the lachrymal on the external side The 
olfactory nerve opens, as usual, through the olfactory foramen, which passes through 
the antero-latei al corner of the ethmoid cartilage Unlike m A lineatus, neither 
the palatine nor the maxilla comes in contact with tho margins of the lateral ethmoid 

Nasals — The paired nasals (hg 13) are not thin, soale-bke oircular as in A 
lineatus They are comparatively thicker, concave vontrally and somewhat bean 
shaped m outline The hilum side of the bean-shaped nasal, which is attached to 
the anterior end of the lateral ethmoid, is situated medially and is thicker than the 
outer thin maigin of the bone It is more prominent than the nasal in A lineatus 

Orbito-temporal Region 

Just as in A lineatus, the orbito-temporal region of O melasttgma is quite 
extensive and contains a small number of bones as compared with the expanse 
of the region In addition to the orbito-sphenoid and basi sphenoid, the panetals 
too, aie absent m O melastxgma The frontals cover tho entire dorsal surface of the 
region The alisphenoids arc somewhat bigger than m A lineatue, but the paru- 
sphenoid is narrower and leaves more spaco uncovered by bones on the ventral 
surface of the skull The circum-orbital senes are represented by the dormosphenotio 
and the lachrymal only 

Frontals — The frontals (fig 13) aTe very similar to those of A lineatus both in 
shape and position They have also tho conspicuous tnradiate ndgo on the ventral 
surface, which is clearly visible dorsally and separates tho threo different regions of 
the frontal, viz the supra orbital, mter-orbital and the sphenoidal The supra- 
orbital portion is rather more extensive than in A lineatus and also descends a bit 
more ventrally on tho posterior side for the protection of the oyo On the dorsal 
surface the frontal has the typical curvatures corresponding to the throe regions of 
the bone The mesial margins of the frontals overlap in the median line, and the 
distal extremity of the supra-oocipital is wedged in between their posterioi portion 
just as in A lineatus 

Paraephenovi —The paraspbenoid (fig 14) differs from that m A lineatus in 
several respects It is bent at two ends, has a different shape with additional pro- 
cesses, and is slender than in A lineatus It extends from near the base of the 
basi-oocipital to the middle of the mesethmoid, and is perhaps the longest of the 
bones of this fish 
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The bone is a slender, elongated structure with a broad bridge in the middle, 
on either side of which it bends slightly The bridge is situated in front of the 
anterior margins of both pro-otics and is formed of a pair of lateral plates arising 
from the lower side of the parasphenoid, and proceeding dorso- laterally to meet the 
mesially directed plates of the pro otios The portion of the bone in front of the 
bridge gradually broadens out anteriorly and ends mto an obtuse point Along 
the median line of this portion there is a flange-like blade of bone which is at right 
angles to the broad outer surface for about two thirds of its length from the bridge 
The posterior portion is slender and slightly flattened There is no flange lie 
support m this region, except for a few indistinct ridges on its outer surface 

At the baso of the dorso-lateral plates thore is a pair of small foramina for the 
oculomotor nerves of the eye muscles Behind the loramma and almost from the 
summit of the bone a pair ot short arm-like processes extends postero-laterally 
They meet on each side the anterior odge ot the pro otic, while the dorso-lateral 
plates of the bone meet the dorso-medial plates of the pro-otios on each side They 
thus, enclose between them a largo concavity which opens anteriorly at tho base of 
the eye Theie are no such plates in relation with the parasphenoid or pro-otics 
of A hneatus, and consequently no such foramen is formed in that fish The 
foramon and tho plates forming the bridge may perhaps mdioato a formation of an 
opemng-of the trigemmo-facialis ohamber or a posterior myodome 

Behind the bridge tho parasphenoid runs posteriorly over the ventral surface 
of the pro otus leaving a small space between the pro-otics and the bone itself, 
and is firmly attached to the bast occipital Anteriorly it ascends upwards to meet 
the mesethmoid At both these ends there are grooves on the attachmg surfaces, 
giving more firmness to tho contact Much grooves are absent in A hneatus The 
parasphenoid in O rnela stigma is, thus, more specialised both m structure and 
attachments and shows a distmot adv anoe over A lineatus 

Alisphenoid — The alisphenoid (fig 14) is similar m structuio position and 
attachment to that in A hneatus, but extends more mesiallj and is thicker m build 
than m the latter At the distal end, too, it is broader and thicker and is almost 
rectangular in shape Its structure with respect to the laminae and tho intervening 
cartilage is the same an in A hneatus From its distal end a band of cartilage extends 
mesially and meets the distal cartilago of the supra occipital On tho ventral side 
of tho distul ond it is connected by a ligament to the distal end of the dorso-lateral 
plato of tho parosphonoid The alisphenoid, thus playB better part than in A 
hneatus in affording latoral protection to tho bram case and appears to be a step in 
advance towards *the Percoid skull whore tho alisphenoids are more developed 

( 'ircum-orbital series — Just as in A hneatus, tho circum-orbital bones are 
ropiosontod by only two bones, namely the lachrymal and dermosphenotic 

Lachrymal — Tins bone occupies the same pre-orbital position as in A hneatus 
and possesses a similar tubular structure with other ourved plates attached to its 
distal end In 0 melasligma the tubular portion is narrower and there is an addi- 
tional ourved plate in its proximal portion (fig 16) 

Dermosphenotic — This is almost similar to that in A hneatus but is not so bent 
m concave as in the lattei Another difference (hg 1 3) ib in tho positic n of the bone 
In A hneatus it is placed anterior to the sphenotic process and torms the posteiior 
boundary of the orbit, whereas in O melasligma it is attached to the jawterioi face 
ot the sphenotic process 

The sclerotic bones found in A hneatus are absent in this tish 


Otic Region 

The otic legion in O melastigma consists of the four usual ossifications, pro- 
otie, epiotic, pterotic, and sphenotic, just, as in A hneatus, the fifth opisthotio being 
characteristically absent in both The otio-bones m O melashgma are more complex 
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and socialised than in tho lattor They are irregular in shape and are either oom- 
prossod or onlargod in different ways, so as to perforin their main function of sheltering 
tho auditory organ The otio oapeule is not a oompleto bony case^'®n the dorsal 
side a thin cartilaginous membrane remains un ossified It extends from tho lateral 
extremity of the supra-oooipital to the base of the alisphenoid in front, tho sphenotio 
and pterotio on the side, and the epiotio behind The cartilage is partially covered 
by the frontal leaving only a small opon area on the postonoi side Similar cartilage 
is found m A lineatua also, but the anterior margin of this cartilage, which remains 
distinct from tho other cartilago in that fish, is not evident m O mdoshgma 

In common with the other replaomg bones of tho fish, tho otio bonos also have 
outer and inner laminae with a tlnn layer of cartilago in botween The laminae aro 
ossifiod and rolled up in suoh a way as to give rise to tunnel like bony passages for 
somi-circular canals Larger spaces aro also provided for the ampullae of the canals 
and the otoliths 

Pro oh c — Tho pro otio (fig 14) as usual, forms the floor of the auditory capsule 
on tho anterior side and has the concavities on its floor for the ampullae and the 
utnoulith, just as m A Itrtealm, but, hosidos these structures, it has dovolopod a 
voitical plate on its anterior margin The plate originates in tho lateral corner and 
proceeds mesially upwards to meet tho dorso-lateral plate of the parasphenoid The 
dorsal odgo of the base of the plate is in contact with tho base of the alisphonoid 
and, as m Novumbra kubbst (Chapman, page 385), forms tho pcwtoro-moHial wall of 
the orbit Tho antero lateral corner of the bone (pro-otio) has a number of foramina 
for tho bran< lies of tho facial and the trigeminal nerves 

Behind the foramina thero is a buttross-like support to the auditory capsule, 
which arises from the inner surface of the pro-otio There is a similar support in 
A lineatui, but that m O melasttgma prooeeds more dorsally and develops into a 
dorsal process, just as in N hubbei The dorsal portion of this process curves m 
wards at the dorsal level and supports from inside the anterior margin of the dorsal 
oartilaginous merabrano of the capsule On the dorso-latoral side tho antonor 
lamina of tho proooss is in oontact with tho base of tho alisphenoid, while the postmoi 
lamina connects with one of the laminae of the sphenotio As tho basos of those 
three bones meet at tho anterior lateral corner of tho skull, tho cartilago botween 
tho lamina© of thou bases fuses together and forms a cartilaginous column to 
strengthen the region 

Epxotic — The bone (fig 13) occupies tho normal postero-dorsal position on tho 
skull, but is not so much compressed laterally as to form tbo epiotic crest as m 
A Ixneaina The bone is, nevertheless, remarkable for its possession of a long 
slendor process (fig 13) on tho outer surface, somewhat like the epiotio proooss of 
Jjabeo rohxta It is a thin laterally compressed membranous prolongation which 
extends posteriorly from the outer surface of the bone It is about twioe the length 
of the supra-oocipital processes and is more prominent than tho latter A process 
from each epiotio prooeeds somewhat mesially and tho two processes oonnect with 
the neural spinos of the vertebral oolumn by fibrous tissue 

Pterottc — Tho pterotio (fig 13) is comparatively a simpler and less oomplioated 
bone than in A hneatus It has only a single ourved wing along its outer margin 
and does not bear the articulating facet for the hyomandibular on its vontral surface 
The anterior edge of the wing, however, is slightly thickened at its end and helps 
m artioulation of the hyomandibular The bone is tunneled as usual for tho passage 
of the horizontal semi-oircular canal 

There is a lightly stained quadrilateral area visible m the postero- lateral corner 
of the skull just as in A Itneatua, and, as in the latter, is apparent only beoause the 
other surrounding portion is more dense on aooount of the presenoe of bony passages 
for the semi-circular canals withm those bones 

Sphenohc . — This bone (fig 13) also has a shape different from that in A hnmtua. 
It is pushed in the antero-latcral comer of the oapeule and takes but a minor part in 
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sheltering the auditory organs Only a portion of the anterior semi-oiroular canal 
is lodged in the oa\ ity of the bone without any tunnel being formed The semi- 
circular canal, therefore, could be pulled out intaot without any part of bone being 
damaged In A hneatus the Honu-oiroular canal cannot be removed without cutting 
a portion of the lamma of the bono which forms a small tunnol inside 

A portion of the bono which forms the sphenotic spine m A hneatus is flattened 
antero posteriorly with a slight concavity in front and forms the posterior margin 
of the orbit The articular facet for the hyomandibular situated on the ventral side 
is elongated instead of being round as in the other fish Its assouation with other 
bones is identical with that in A hneatus 

The otoliths are almost of the same type as in A hneatus, except that thev are 
situated m a straight line, instead of forming an arc just as in the latter 


Occipital Region 

The occipital legion is almost similar in composition to that of A hneatus 
except in details of shape of the bones, etc The foramen magnum is dorsally and 
laterally bordorod hy the ix-occipital which has also the ocoipital condyles for arti 
eulation with the vertebral column The articular concavities of the basi-ocoipital 
and also the ox occipital condylos aro comparatively smaller than in A hneatus 
Tho latter are somewhat menially directed and havo concave articular surfaces The 
basi-occipital and tho ex-occipital have internal plates runmng between them to 
suppoi t the legion just as in A hneatus whilo tho ex-occipital has an additional plate 
developed for tho suppoi t of its own ourvod region 

Supra occipital — This bone (fig 13) differs in shape from that in A hneatus 
but the difference is due only to the modifications of structures found in the latter 
Both tho distal and lateral processes which aro quite short in A hneatua, arc drawn 
out and elongated, and the body of the bone is made slenderer in this fish The 
lateial prolongations extend antero-laterally towards the sphenotic and compensate 
to some extent for the absence of the panetals The posterior processes of the bone 
are shorter and slenderer and do not extend beyond the posterior margin of tho skull 
Tho lightly stained wedgo hko area seen m the distal portion of this bone in A 
hneatua is noticeable in this fish, too, in the same position but the cartilage extending 
from below the area in the anterior direction is distinctly broader and moro ex- 
tensive in 0 melastigrna Consequently, the lateral bands of oartilago procooding 
towards tho alisphenoids also originate away from the distal margin of tho supra 
oocipital As stated previously, a sheet of ,cartilage oxtonds from the lateral pro- 
longation of this bono to jom tho alisphenoid, pterotio, Bphenotio, and opiotic Just- 
as in A hneatus, tho supra-occipital in this fish, too, is wedged between the posterior 
parts of tho frontals, but unhke m the former there aro no panetals on tho lateral 
side of this bono 

Basi occipital — Although similar m shape, the basi-occipital in O melastigrna 
(fig 14) is relatively larger in extent than m .4 hneatus Its posterior articulating 
ooncavity, a cone-shaped centrum, is smaller and more constricted behind Tho 
outer surfaoe of the bone has a slight curvature and m tho median lino thoro is a 
groovo extending about two-thirds of the distal portion of the bone, m whioh the 
postenor end of the parasphonoid is lodged The bone has internal plates running 
from its inner side to the inner side of the ex-occipital just as m A liveatus, but these 
are narrower and arise from the middle third of the bono Thoy are lengthwise 
on tho basi-occipital, but as they approach the ex-oootpitals thoy twist Sideways so 
as to support tho extension of ex-occipitals 

Ex-occipitals — These pairod bones in O melastigma are even more complicated 
m structure than in A hneatus Each ex-oooipital (fig 13) has a medial portion 
antero posterior in direction and a lateial portion. The medial portion forms tho 
dorsal and lateral margin of the foramen magnum and has a flat condyle for the 
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articulation of tbo skull with the vertebral oolumn The lateral portion starting 
from the foramen magnum forms a portion of the posterior skull in the antero- 
lateral direction The epiotic is attached from above to the latamJ j ^ortion of the 
bone and shares a space for the ampulla between the horizontal and posterior senu 
circular canals, with the basi-occipital it shares a concavity foi the legenalith 

The ex -occipital condyles (fig 14) arc flat and broadly oval in shape They are 
directed slightly mesially on either side of the foramen magnum and meet similai 
articular surface of the first vertebra The foramina for the glosso-pharvngoal, vagus 
and ocoipito-spmal nerves are as usual present on the bone The largo foramen on 
tho inner plate between the basi- and ex-oooipital of A hneatus is absent in this 
fish Tho plate boing narrow, the pharyngeal and vagus nerves open out direct I \ 
through the vagus foramen 

(2) Visceral Sleleton 

Considerable similarity exists between the visceral skeleton of this fish and that 
of A lineatus, except for the palato- quadrate arch, which does not contain a metap- 
terygoid, and for the possession of a different type of pharyngoal bones Tho 
palate-quadrate arch, compared with that of A linen fits, ir slondeiveml mote elongated, 
and resembles the typical Poeoillid type The suspensonum is much anteriorly 
disposed and the quadrate extends considerably beyond the anterior margin of the 
orbit for the articulation of tho jaws Other minor differences regarding shapes 
and sizes also exist to a certain extent and are described below 

Hyomandibular — The hyomandibular (fig 17b) is more elongated, but com 
paratively less complicated, than in A hneatus It appears like a narrow plate 
whioh twists in the middle, so that the lower half, whioh is nanowor at its low< i 
end, makos a small angle with the upper half Thin, flange like bony plate is also 
found on the outer surface of the bone Instead of the two condylar heads of A 
lineatus the dorsal edge itself is turned into an elongated condylar ridge which 
artioulates with a corresponding concavity on tho ventral surface of the sphonotic 
There is no condylar head for the operoulum, but tho latter articulates with tho 
posterior thickened edge of the hyomandibular A foramen for tho passage of the 
hyomandibular nerve is situated in the middle but somewhat on the curved side of 
the bone 

Symplectw — Attached to the lower end of the hyomandibular is a slender 
symplectio (fig 17b) with a cartilaginous interspace between the two bones Com- 
pared with the large and broad sympleotio in A lineatus, this bono is considerably 
more elongated and slender It is almost twice as long as hyomandibular and 
curves upwards m the middle Its posterior half ir directed antero vontrally, while 
the anterior half is directed antero-dorsally The bono thus, forms a small angle 
which delimits the ventral margin of the orbital cavity The bone, posteriorly is 
sbghtly broad and gradually tapers into a point which reaches from msido almost 
on the middle of the quadrate Tho metapterygoid, situated above this hone in 
A hneatus, is missing in 0 mdashgma 

Quadrate — The quadrate (fig 17b) is roughly Bimilar to that m A hneatus, but 
is considerably more elongated just as the symplectio Its posteriorly directed 
narrow portion is rod-like and almost reaches tho angle of the sympleotio Its 
anterior portion is broad and extending upwards, while its antero-dorsal margin 
is truncated The artioular head is double, just, as in A hneatus 

Mesopterygoui — Mesopterygoid (fig 17b) is roughly rectangular, but has its 
upper margin slightly concave, just as in A lineatus It is elongated m shape and 
has slender curved ridges on its outer surface There being no metapterygoid, the 
bone is free at its jiostenor end and is only feebly attached to the dorsal portion of 
the quadrate from behind and merely touches the posterior margin of the fused 
palatine by its anterior edge 
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Palattne *— Compared with the palatine of A hneatus, the bone in this fish 
(fig 17b) is considerably smaller and is of a different shape too It also appears 
reduced when compared with the elongated symplectio and quadrate of the same 
fish It is attached to the antero dorsal edge of the quadrate through a cartilaginous 
interspace and aftor extending along the antero dorsal direction for a short distance 
ends m a thiok articular head which has an anteriorly directed ( oncavity for articula- 
tion with the maxilla Unlike in A hneatus, the articular head is more anteriorly 
placed and is not in contact with the lateral ethmoid or the nasal It is connected, 
however, with the ethmoid tegion through its contact with a small circular not oh on 
the oaitilage on the lateral margin of the mosethmoid 

iMuer jam -The lower jaw (tig Ilia) consists of the same elements as in A 
luwaius, but then shapes diffei The aitioular is comparatively small in size and 
roughly tnangulai in shape with a blunt apex, while at its posterior thiokened edge, 
it bears a laige facet for the double condylar head of tho quadrate UnliKe in 
A hneatus, the hone has no innei and outei portions The inner side of the apex 
of tho articular bone has a distinct sesamoid aiticidar bone 'lhis bone is small in 
size, but compared with the size of articular and the jaw, it is qtnie well developed 
The angular (tig 1 5) is almost of tho same si/e as the sesamoid m timilai , and occupies 
the usual position on tho jaw 

The extiemity ol tho ligament joining the inter-operclo to the angular is also 
slightly ossihcd at the point where it moots the latter The ilentary whioh is more 
prominent and well developed than in A hneatus, does not narrow down towards 
the median line, hut forms a uniform transverse bar whioh approaches its fellow 
(ramus) in the median line The two ianu are much fiuthcr apart in the median 
line than m A hneatus and are connected by a short ligament Posteriorly, each 
dentary broadens out dorso-ventrally and extending up to the ai ticulatmg surfai e 
of tho articular ends in a postero-dorsally directed broad lobe-like process The 
latter is somewhat narrow m young spoeimens In a few old sjiecimens the anterior 
margin of the broad process is slightly dentate 

Tho transverse bar of the dontary has a double row of oomoal teeth Tho 
outer row has large teeth, which are slightly curved inwards at their apices Tho 
teeth on the inner row aro small and ereot In old specimens the teqth on the outer 
row are not finely pointed A few smaller tooth are also found at the base of the 
seoond low in some specimens They me particularly more numerous at the corner 
of the jaw (fig 16b) 

Male specimens are remarkable for their possession of additional speoial teeth 
(fig 16b) on the anterior face of the dontary at tho corner of the jaw They, too, 
are conical, but thicker and larger than those on the jaw and aro clo3eh set m a 
vertioal row Thoir number varies from three to seven They ate anteriorly 
directed and curved slightly downwards The femalo is devoid of any suoh special 
teeth on the dentary surface, which is plain and smooth 

Meckel’s cartilage is unossified for a short distanoe in fiont of tht articular, 
but at its extremity it is slightly ossified on its outer surface (’lose to the point 
of this ossification there is a thin dermal ossification adhcimg to the oorner of the 
dentoi y from inside The ossifioation probably represents the splomal or the 
infradentary whioh is not found in A hneatus 

Upper jaw — Tho upper jaw is formed entirely by the pie-maxillanes, the maxil- 
laneo being behind and guiding the movements of the former The shape of the 
pre-maxillaries (fig 16a) is roughly smnlai to that in A hneatus except for the addi- 
tional teeth which vary accordingly tosex The pre-maxillaries are thicker and short- 
er m structure than in A hneatus, and have a transverse portion which forms the 
actual transverso part of tho jaw and a ventrally directed descending portion which 
bounds tho jaw on the sides Tho descending portion does not terminate in the spmo 
as in A hneatus , but has a pomparativoly broader and shorter ventral extremity 
The posterior triangular process of the transverse portion of the jaw near its 
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raid -dorsal region is shorter and more rounded at its diBtal end than the prominent 
triangular jirooess in A hneatus In some specimens the process is rather small 

Tho teeth on the transvorse portion arc similar to those on the lower jaw, but 
the dentition varies on tho descending portion In males the dfltewading portion 
bears a row of throo to five thick and largo anteio-laterally directed conioal teeth 
They are similar in build to those found in males on tho anterior face of the dentary 
and are slightly ourved downwards Some forms which have only three such teeth, 
have them equally dev eloped while in others whioh have more tooth, the uppermost 
tooth is tho smallost and the others have progressively larger ventrally Females 
have a single large antero-laterally directed tooth situated somewhat above tho 
v entral extremity of the bone In a few specimens oven this tooth is absent 

Sundara Raj (191b, plate XXV, fig 3) has figured a female pre-ma\illa ending 
m a bifid tooth, which appears in fact, liko two tooth In some specimens examined 
during the presont investigation there was only one largo antero-laterally directed 
tooth on tho anterior faoe of the ventrally dirooted extremity of the bone, but in 
other specimens even this tooth was missing, its place being taken by a short crenate 
margin The absence of the tooth may bo accounted for by its having been acci- 
dentally dislodgod Tho male pre-maxilla also does not terminate in four to six 
tooth as shown by Sundara Raj The teeth are borne on the anterior face of tho 
descending portion ot tho arm, leaving the extremity separate as in fig 1G< 

Opercular bones — The oporoulum (fig 17a) is not triangular and so much pointed 
as in A lxneatu8 The ventral extremity being rather broad, it ajipears quadri- 
lateral m shape Its articular surface is wider and glides ovor an undefined thickened 
posterior edge of the hyomandibular 

Tho sub operculum (fig 17a) is similar m shape and attachment to that in 
A hneatus, but the former is more thickened and larger than m the latter The 
vontral margin of the opercle is closely attached to, and extends over, tho dorsal 
notched portion of tho bouo, so that the two bones appear liko one pieoe The 
sub-opercle extends almost up to the dorsal margin of the opercle from behind and 
forms tho entire posterior and postero ventral margin of the oporoular apparatus 
Tho inter-oporcle (fig 17a) is somewhat differently shaped from that m A 
hneatus The posterior one-third is broad, the remaining part being narrow, and 
olongatod and slightly pointed The bono runs almost ventral to the palate- quadrate 
arch, its anterior third being attached to the ventral edge of the quadrate The 
distal extronuty is connected with the angular through a short ligament 

Tho pre-operculum (fig 17a) has the familiar vertical ohanneled portion but 
the horizontal portion has the channel branched ventrally The whole bone is 
smaller and different in shape compared with the pre-operculum of A hneatus At 
the dorsal end, it is attached to the hyomandibular behind the outer flange on the 
bone and possesses small openuigs m the channeled portion, suggesting its origin 
as a sensory canal bono The thin membrane in tho inner anglo of the two arms is 
attached by its dorsal margin to the ventral edge of tho symplectic Unlike m A 
hneatus, this horizontal arm of the bone is not elongated and extends only up to 
two-thirds of the symplectic 

Hyoxd cornu —The mter-hyal of the hyoid cornu is not present m this fish and 
the epi-hyal is direotly attaohed to the cartilaginous mtorspaco betwoen the hyonian- 
dibular and symplectic The epi-hyal and the cerato-hyal (fig 17c) are almost of tho 
same shape as m A hneatus , except that the distal part of the latter is not bifurcated 
and contains large amount of cartilage The bony ndgo continuous on the dorsal 
margins of both the bones m A Hneatus is present in this fish also The 
hypo hyals are absent The basi-hyal is relatively extensive Its narrow posterior 
half is ossified and the wider anterior half remains oarfilaginous 

The branchiostegals (fig 17o) are five in number, the posterior two are more 
ourved and flattonod than the rest They are not excessively thickened and except 
in tho posterior first do not possess the upper ridge like thickening at the attnohinji 
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surface found in A hneatus The posterior four rays are attached as usual to the 
outer surface of the epi-hyal and the cerato-hyal, hut the fifth instead of being attached 
to the inner surface of the cerato hyal as in most fishes (Hubbs, 1921) is attached to 
the outer surface near the base of tho previous ray At times, tho fifth ray is attached 
to the anterior edge of tho broad portion of the cerato-hyal In one specimen a 
rudiment of a sixth branchiostegal was also found but it was only on one side It 
was thin and slender, and lay in the same level and m the same direction as the 
other rays The slightly flattened anterior extremity was, however, considerablj 
away from the attaching surface of the cerato-hyal In another speoimen the fourth 
and the fifth rays wore almost fused together 

The attachment of the fifth hrancluosti gal ray to the outer surface of the cern- 
to-hyal in O melastigmu is rather exceptional in Toloosts according to Hubbs (1921), 
but m a dozen specimens examined during the present investigation its oharacter 
was quite constant, except for the slight variation mentioned above 

Branchial skeleton — 1 here are four functional branchial arches having gill 
filaments on their oerato-branclnals and the usual hypo and basi-branchials forming 
the floor of the branchial apparatus Tho fifth branchial arch is reduced and modified 
into tooth-bearing, inferior pharyngeal bones The fourth basi-Lranchial is reduced 
almost to a cartilaginous vestige Just as in A hneatus, tho last gill raker of tho 
first arch is excessively thickened and enlarged and appears like a first epi-branohial, 
which is undeveloped in this fish The seoond epi-branchial is represented by a 
minute nodule of bone, the third boing undeveloped The fourth (fig 18a) is 
remarkably well developed Its proximal portion is rod like, the distal region being 
bent and flattened into a thin plate 

The pharyngo-branchial elements on each side fuse into a single triangular 
pharyngeal bone (fig 15b) with its apex directed posteriorly On the ventral 
surface of the bone there aro 1 2 to 14 transverse rows of fine aooioular teeth (fig 1 5b) 
which project into tho throat Each individual row is again made up of a double 
row of closely sot tooth Tho floor of the bono, instead of being of a compact struc 
turo, is made up of a spongy network of bony lamollae on which the teeth aro borne 
The bone is ooncave on its dorsal surface and there is a narrow bridge ovor the 
oonoavity joining the longer sides of the bone The whole structure, therefore, 
exactly resembles a bath brush, with tho teeth representing the bristles, the bony 
network, the surface on which the bristles aro fixed and the narrow bridge connecting 
the sides of the bone, the strap at the back of the bath brush 

By the side of the apex of the pharyngeal bone there is another bony structure 
(fig 15b) with a row of minute teeth on its \ ontral edge and a thick, short shaft 
directed vertically upwards The shaft has a slight cartilage at its tip and arti- 
oulates with the oramum above Tho bone may represent either the supra- 
pharyngeal element present in somo Haplomous fishes or the first pharyngo branchial 
which, instead of fusing with other similar segments, romams separately ossified and 
has its artioular extremity turned upwards 

The pharyngeal bones on eaoh side he side by side in the roof of tho pharynx 
and their teeth work on similar tooth of the inferior pharyngeal bones on the flqor 
of the pharynx The latter bones are derived from the fifth branchial arches which 
are completely modified to give rise to these teeth-beanng bones These structures 
are identical in all respects with tho pharyngo-branchial bones on tho upper side 
The gill rakers (fig 1 8b) are found, as in A lineaius, in a double row on eaoh oerato- 
branchial of the four gill arches The rakers on the outer row of the first oerato- 
branohial are somewhat similar to those in A hneatus They are, however, pointed 
much more distally than m the latter and do not possess the mmuto teeth on their 
inner surfaces They are somewhat awl shaped in appearance Those m the 
middle of the arch aro the longest becoming shorter at either extremity The inner 
row, also, has similar gill rakers, but of a shorter type, which is found on both the 
inner and outer rows of the following three cerato branchials 
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The median uro-hyal (fig 1 8< ) on the ventral side is a peculiarly shaped structure 
Its anterior portion, whioh is dose to the distal extremities of the oerato-hyal, is small 
and triangular -with itB base in front and its apex behind Tlmapex is produoed 
posteriorly and divides into thin, lateral membranes, whioh e^fifraing upwards, 
tuse in the median line After extending a short distance, the membranes end in 
five short piooesses At tho apex of tho anterior triangular portion, there is a 
dorsallv direoted spur at right angle to the length of the bone Anteriorly, the 
uro h\al is attaohed to the basi-liyal and cerato hyal, and posteriorly to the pectoral 
aich, just as in A hneatus 

Tho post-temporal (fig 18<1) is compaiativcly much reduced in si/e and appears 
like a narrow splint of bone It is more firmly attached, howmer, to the epiotio 
and the oleithrum than m A hneatus 

Head skeleton of Horaiehthi/s setnai Kulkarni 

Tho hoad skeleton of Horaiehlhys setnai (fig 19) which is hardly 3 to 4 mm in 
length, differs slightly according to sex, the female having a larger head than the 
male The length of the skull of an avorage full grown female speoimen measures 
about 3 H mm with the jaw, and that of males 3 3 mm Tho breadth is 2 5 mm 
and 2 2 mm and tho inter-orbital space 9 mm and 0 mm rospeotively The 
dorsal surface of tho skull and its tapering nature are almost identical m these 
particulars with 0 melastigma A slight crest formed by the frontals m tho mter- 
orbital area is moie prominent, however, in H setnai The dorsal protile is straight, 
but the ventral one at the lower jaw uses up suddenly to reach the dorsal level 
The proportion of the depth and breadth of the skull to its length is also tho same as 
in 0 melastigma 

(1 ) Skull (Figs 19 and 20) 

The skull proper is limited anteriorly by a prominent mesethmoid owing to tho 
absence of tho vomer The posterioi process of tho supra-oocipital is evon much 
smaller than in 0 melastigma The frontals cover a large part of the skull Most of 
the other bones are feebly ossified and particularly the bones of the otic region are so 
very thin and feebly ossified that they appear almost transparent Tho panetals are 
absent A small oartilaginous area exists behind the posterior odge of tho frontals, 
but the lightly stained area found both in A hneatus and 0 melastigma is not very 
apparent on account of the absence of thioker parts The poetoro-lateral oorners 
of the skull are flattened, but the margin of the skull of either side of the foramen 
magnum is not so depressed as to give rise to the epiotio orest 

The ventral surfaoo of the skull represented by the occipital and otic regions is 
flat as in A lineatus , but the anterior region resembles that of 0 melastigma owing 
to the slender, ascending parasphenoid meeting the mesethmoid On the posterior 
margin tho articular concavity of the basi-ocoipital and the ex-occipital condyles are 
present 

Ab m the other two cypnnodonts, namely, A lineatus and 0 melastigma, replacing 
cartilage bones in H setnai are also separated by a thin layer of cartilage, and each 
bone, however complicated m shape, has a thm layor of cartilage between its upper 
and lower laminae 

Ethmoid Region 

This region is almost similar to that in O mehistigma except for the better de- 
veloped mesethmoid There is the bar-hke oartilaginous ethmoid to which other bones 
are attaohed A remarkable feature of the mosethmoid in H setnai (fig 19) is that 
tho development of the bone differs according to sex, being quite pronounced in 
males as compared with tho size of the fish The bone takes the form of a trans- 
versely extending median plate in front of the ethmoid cartilage The position of 
the nasals, lateral ethmoids, lachrymals and frontals is the samo as in O melastigma 
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but none of these bonos overlap the mesethmoid Even the frontals, which Starks 
considered (1926) as almost invariably covering at loaet some portion of the meseth- 
moid by their anterior margins, are quite behind the bone in this fish 

The antero lateral corners of the mesethmoid are circular in outline and have 
thiokened edges oovercd by a granulated surface The median antenoi margin 
is concave, but not so thick as at the corners Tho poslerioi side is slightly truncate, 
but is also rounded in some specimens Where the margin is truncated the postoro 
lateral corners of the bone have small notches The dorsal surface has a low con- 
cavity bounded by the antero lateral thickened edge The ventral surface has a 
very low median crest, on tho postenoj legion ot which there is a slight groove m 
whioh tho antenor extremity of the parasphenoid is lodged (tig 11) 

Tho mesethmoid has uppei and lowti laminae with cartilage betweon, as in 
O melastigma As in the lattei the laminae are inoie apart m tho posterior region 
and the intervening cartilage is continuous with tho ethmoid cartilage The laminae 
fuso on the anterioi and laterul margin except for a few small gaps on the antero 
lateral oorner 

In tho females the mesethmoid (fig 19) is less developed and its osseous portion 
is smallor in size than in the male's The thickc nings ot the antero lateial maigins 
and the concavities on the dorsal and ventral sui faces are also absent The upper 
and tho lower laminae meet in only the middle of the anterior margin, and have wide 
cartilaginous border all round as an extension ot tho mnei caitilago between the 
laminae 

The lateral othmoids aro simple in stmctuio Each bono is an antero-posteriorh 
flattened vertically situated plate at eutlie r end of the ethmoid cartilage It is made 
up of two laminae with cartilage hi tween Tt comes in contact with the frontal 
and nasal on its dorsal side, unci with the palatine and lachrymal by the mesial and 
outer margin of its anterior tae e respectively The olfactory area is bounded by tho 
lateral ethmoid, mcse'thmoid and lachrymal and roofed over by the nasal The 
olfactory nerve passes into the area through tho cartilage between the lateral ethmoid 
and the mesethmoid 

The nasals (fig 19) aro senn-lunato m shape and, being attached to the lateral 
ethmoids and the frontals behind, reaoh the artioular area of tho pre-maxillanes by 
their apices 

Orbito-temporal Region 

The frontals (fig 19) cover, as usual, the entire dorsal surface of the region 
The triradiato ridge on the ventral su-faoo of the bone, which was clearly visible 
on even tho dorsal side both in A lineatvs and 0 melastigma, is missing in tins fish 
The bone is, nevertheless, divided mto throo regions, vvr supra orbital, inter 
orbital and sphenoidal, just as m the other two cypnnodonts, the divisions being 
apparent from the respective curvatures, which in H setnai are particularly more 
prominent on the surface of the bone Another difference in H setnai is the presence 
of small pores of tho sensory canal system on the bone Those are not aparent 
in the other two forms Further their posterior portions of the frontals do not 
divergo so much from each other as in O melastigma or A lineatvs Consequently 
the supra-oocipital does not seem to be much embedded between them, but its 
distal portion remains merely covered by the latter 

Tho parasphenoid (fig 20) is slender and bent, as m 0 melastigma, but is shorter 
than in the latter It has a narrow anterior portion forming about two thirds of 
the bone, a broader middle portion and a short pioximal flat portion The antenor 
portion is similar to that m O melastigma in all rospects The broader portion has 
two large foramina on either side of the median lino The entire bone is bent in 
the middle of this rounded portion, so that the posterior half of the broader portion 
is horizontal and the anterior portion is inclined m front The foramina are situated 
on tho inolined portion and face anteriorly, so as to resemble the openings of the 
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tngomino facialis ohamber or a rudimentary myodome found, but differently shaped, 
in O melashgma The proximal portion is short, slightly thiokenod in the median 
lino and hardly reaches the extremity of the basi occipital It i^ftffiaohed only to 
the mesial margins of the two pro-otics 

The alisphenoid in this hsh (tig 20) is slightly diffeient in shape, being somewhat 
moie dorRally situated than in the other two cyprinodonts and roofing the dorso- 
lateral corner of the brain oase behind the orbit The base is moderately broad and 
pyramidal m shape, but its anterior part for two thirds of its oxtont, instead of being 
flattened as in O melastxgma is nairow and slender Being more mesially directed, 
the alisphenoids approach the distal ond of the supra-occipital closer than m the 
other cyprinodonts and connect j with the bone by a strand of cartilage The distal 
end of the alisphenoid is also connoeted by thin membranes with the broader portion 
of the parasphenoid on the ventral side and also with the ethmoid region in the 
anterior direction 

Tho lachrymal does not possess the tubular stiuoture found in other fishes It 
is n very thin mesially bent lamina to which anothor curved lamina is attached at 
its upper half The bone is perforated by the sensory canal system 

The dermosphenotic also is a very thin, slightly bent, scale like bone, with a 
distinct peiforation in the middle, and is attached posteriorly to the sphenotio 
process as in 0 melastigma 

Otic Region 

The otic region has the usual four ossifications ns in 0 melashgma The region 
is much less complicated than in even A lineatus Tho tunnel like passages giving 
rise to tho bony labyrinth are not well developed, while tho oartilaginous arena on 
the capsule are present as m 0 melastigma 

Tho pro otic is a sitnplo bono and has a single but largo foramen instead of two 
as in A lineatus Tho buttress like support to the wall of the auditory' < apsule and 
its connections with other bones lesemble similar featuros in 4 lineatus On the 
sutural margin between each pro-otic and the rounded portion of the parasphenoid 
in the antero mesial direotion, there is an opening left on either Ride of the para 
sphenoid and tho two openings appear like another pair of foramina behind tho 
previously described pair on the parasphenoid 

The epiotic is comparatively small and more dorsally situated than in the other 
cyprinodonts The bony passage on the inner sido is not completely developed 
In some sjieoirnens a very small process arisos from the dorsal surfaces of the bone 
A ligament starting from this bone proceeds in tho same direction and is attached to 
the neural spines m tho samo way as tho epiotic process of O melastigma This 
shows probably that tho small process in II setnai may be an occasional ossifioation 
of the base of the ligament 

The pterotie does not possess the lateral wmgs on its margin nor tho articular 
facet for the hyomandibular epiphysis Tt accommodates m its cavity only the 
horizontal semi-circular canal The sphenotio is similar to that in 4 lineatus The 
articular hoad of the hyomandibular is attached to the cartilage between the margins 
of the sphenotio, pterotie and pro-otic 

Occipital Region 

Tho occipital region is quite extensive as in A lineatus The supra-occipital 
(hg 19) is almost similar in shape and position to that in A lineatus except on the 
posterior margin, where it develops on its upper surface three low crests which 
terminate in short processos The middle of the three crests is median in position , 
its proooss, which n a single flat membrane, arises from tho dorsal surface of the 
bone as does the posterior process of A lineatus The other two crests have their 
processes similar but shorter than that of the median one The lateral projections 
of the bone have a thin cartilaginous membrane connecting tho base of alisphenoid, 
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sphenotio, pterotic and epiotic, as in O melaattgma At its distal end, the supra 
occipital has the typical wedge-shaped area as in the other two cypnnodonts 

The hasi-oooipital (fig 20) is identical with that in A linmtus in most rospeots 
The contact of the internal supporting plates with this bone is not so Him as m 
A hneatua or O rnehstvgma and shows that the plates belong to the ex-ocoipital 
element The paiasphenoid is not attached to the outor surface of the bone The 
ex-oocipitals are more extensive than in the othei two cypnnodonts and extend more 
on the vontial side They have internal supporting platos between them and the 
basi-occipital In addition to those platos each ox-occipital has another supporting 
bndgo as m O mclaatxgma The ox-ocupitals behave just as m the othei two 
cypnnodonts in lospect of the formation oi the occipital condyles and the foiamen 
magnum, as also in other details 


(2) Vxsceral Skeleton 

The visoeral skeleton of H aelrnn is almost idt ntical with that of () nwlaattqma 
except tor the pharyngeal horns, which resemble those of A luuatus Tho hyo- 
mandibular art li is of tho Poicilhd typo (tig 21b) and tho susponsoriuni (hg 21b) 
is anteriorly disposed as m 0 melaahyma , tho motaptoijgoul is missing H aetntn 
is remarkable in that it does not havo tho maxilla developed in the pro-orbital region 
Tho pre-maxillaries forming tho uppei jaw (fig 21a) articulate direitl^ with the 
palatine 

Tho byomandibular (hg 21b) is strikingly similar to that in O rnelaaligrm, but 
is lolatively shoiter Tho aiticular head is elongated and, as stated previously, 
articulates with the cartilago between the pterotic , sphenotic and pro otic on the 
ventral surface of tho otic capsule The condylar head of the operele is rounded 
and prominent, while tho flange on the outer surface is present on only the lower 
half The foramen tor tho hyomandibulai neive pioicos the lower halt oi the bone 
from behind downwards, but tho foramen bomg between the upper and lower laminae 
of the bone is not visible laterally 

The sjmplectic and quadrate (fig 21b) aio also shorter in length and thickoi 
than in 0 melustxynui Tho inosopterygoid is missing The palatine (fig 21b) is 
almost identical with that m O mdastxgma, except that it artioidates directly with 
the pro-maxillary and at its distal articular head there is a small poatei o menially 
direoted nodulo which articulates with tho lateral cartilaginous margin of tho niosoth 
mold 

Tho dentaiy of the lower jaw (fag 2' a) is well developed and constitutes almost 
the entire jaw The transvorso portion of the jaw beats only a single row of small, 
conical teeth, the special teoth on tho anterior face of tho dontary in the male of 
0 mdastigma being not developed in Ii aetnai 

The articular (fig 21b) is elongated and adhoios to the dentary from inside 
The angular (fig 21a) is comparatively large Mockol’s cartilage persists as an 
inner oore of tho dontary and extends right up to tho extremity of the dentary on the 
median lino 

The upper jaw (hg 21a) is formed by tho pre-nmxillanos only Th" transverse 
portion of the jaw is slender and bears a single row of conical teeth The descending 
portion is flat and tluck and bears stout thickened teeth as in the male of 0 mc.la- 
stxgma, but more numerous than the latter There is no difference m the dentition 
of either sex 

The operoulum and sub-operculum (fig 2 1 a) closely adhoie as in Cl melaatxgmu, 
and the two together form a thin quadrilateral plate Tho operoulum possesses, 
however, a short process above the articular head as in A hneatua and the artioular 
oavity, too, is doep and well defined The inter-oporcular is somewhat similar to that 
in 0 melmtxgma but its anterior slender jiortion is more elongated and approaches 
the artioular surface of the lower jaw 
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The pre-operculum differs slightly from that m 0 melasttgma It has the same 
general outline, but does not possess the characteristic channeled appearance The 
uppei half of the vertical portion of the bone has a somewhat lUgtefined canal and 
possesses the perforations of the sensory oanal system The ventral and the an- 
teriorly direoted portion is thm and smooth The attachment of the bone behind 
the upper flange of the hyomandibular is present as usual, but, m addition, the inner 
margin of the bone is firmly in contact with the cartilage ol the lower end of the 
hyomandibular and is difficult to dislodge 

The hyoid cornu consists of the epi hyal and cerato hyal as in 0 melasttgma, but 
the dorsal ridge on these boneB is much more thickened and enlarged The articular 
facet is also wider than in the former The hypo-hyals are absent and basi-hyals are 
present in the normal manner 

The branohiostogal rays (fig 21 a) aie only four in number and are shaped 
just as m 0 melasttgma The postcrioi thiee of them are attached to the outer 
side of the epi-phyal and oerato-liyal, but the anteriormost is not attachod to any 
bony element and remains tree in the deimal tissue on the outer side of tho cerato-hyal 
and on the same level as the other rays 

The lower pharyngeal bone losemblos similar bone m A hv tutus, but with 
tower and more eiect tooth The upper pbaiyngeals also possess thickened and ereot 
tooth as m the latter, but aro disposed on two pharyngeal bones as in 0 melasttgma 
The anterior pharyngeal is comparatively small and has unlike in 0 melasttgma, a 
laterally direct shaft and represents the first pharyugo-branchial olement The 
other pharyngo-branchials fuse together to form the mam enlarged upper pharyngeal 
bone, which bears most of the thickened teeth 

There are only two epi branchials to support the dentigerous pharyngeal plates 
The first is very small and probably lepiosonts the first epi-branchial element and tho 
second is onlargod structure and may represent the 2nd and 3rd and 4th epi-branchial 
elements It is slender proximally and broader in its distal half, where it bears a 
cartilaginous margin for attachment to the majoi pharyngeal bone The genoral 
plan of the development of thoso structures is, howovor, quite similar to that form 
in 0 melasttgma, there being two pharyngo branchials and two epi-branchials, one 
laige and one small in each case 

The post temporal is small and lod like as in O melasttgma, but at tho point 
of its contact with tho cleithral spine there is a short process at the extremity of the 
bone which works like a hook and strengthens its grip on the spine (fig 19) 

Head skeleton ok Molltentsta 

The head skeleton is flat dorsally as m tho Indian oyprinodonts, but considerably 
tapers m the autorioi direction The jaws aro smaU and their susponsonum is 
anteriorly disposed The lateral ethmoids extend more medially than in tho Indian 
cypnnodonts, but do not moot in the modian line Tho mesethmoid is much lees 
developed than in the malo of H setnat, but rosombles that of 0 melasttgma or the 
female H setnat Vomer is present with a few teeth on it The frontals are exten- 
sive and divided into thiee regions as m the Indian forms Panetals, orbito-sphenoids 
and basi-sphenoid aro absent 

Ahsphenoids aro somewhat larger than in O melasttgma Each has a menially 
dnectod plate, which moots the lateral plate of tho parasphonoid The anteriorly 
directed plate of the pro otio also meets tho alisphenoid to form a larger foramen 
opening anteriorly The parasphonoid is somewhat similar to that m O melasttgma, 
but differs from it m tho length of its lateral plates oxtonding sufficiently to meet 
the menially direoted plates of the alisphonoids The parasphenoid is firmly attached 
to the basi-ocoipital but while it passes over the pro-otios, it leaves a narrow space 
between the anterior ventral surface of the pro-otic and the bone itself The tfpaoe 
mdioates the formation of a myodomo m those fishes The pro-otios have all the 
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plates and processes found in 0 melastxgma The supra- and basi-oowpitals have 
the same structure as m the Indian oyprinodonts The ex-oecipitals being compara- 
tively small, the supra-oooipital unlike the Indian cyprmodonts takes part in the 
formation of the foramen magnum The internal supporting plates of the basi- 
oocipital support the ex oooipitals, but the latter have no condyles for artioulation 
with the vertebral oolumn 

The structure of the hyomandibular, symploctic and quadrato is as found in 
O melastxgma, but the autopalatino is rather complicated It has a thick artioular 
head at its dorsal extremity and a ooncavity on the mesial side, both for articulation 
with the curved maxilla On the lateral margin of the bono there is another thickened 
head for artioulation with the lateral ethmoid 

The pre-maxilla is very small as compared with the bone in the Indian cyprino- 
donts It has no posterior prooosses on its transverse portion The teeth are in 
two rows, those on the outer row being slender, elongated and curved inwards, and 
those on the inner row being short, erect and situated at tho basis of the former 
The dentary is also small and has similar type of teeth The maxilla is extremely 
curved and twisted The hyoid cornu is normal as in the other oyprinodonts 
Branchiostcgals are five in number and aie attached in the same manner as in O 
melastxgma The gill rakors and tho pharyngeal bones and their teeth aie strikingly 
similar to those in 0 melastxgma 

The post-temporal bono is quite different, howevei, from that m any Indian 
cypnnodont It is straight and slender in the anterior portion but is forked in 
the posterior region 


Comparativf .Summary 

The salient features of the head skoh ton oi A Ixneatus, O melastxgma anil H 
setnax described above may be summarised as follows — 

Chondnfication ot the skull is incomplete, brain case being inadequately pro 
touted by bones Small cartilaginous aieas remain unossifiod at places Cartila- 

S ious interspaces are visible between tho margins of replacing bones, and also 
tween their outer and inner laminae 

Most of the ethmoid region in all tho three genera is unoasified oxoept the lateral- 
ethmoid area 

Orbito sphenoid and basi sphnoid are universally absent 
Large and extensive frontals are developed in all tho three genera 
Mesethmoid (or ethmoid of other authors) is cartilaginous and detached fiom 
the ethmoid oartilage in A Ixneatus In O melastxgma, however, it is an ossification 
of the anterior part of the median othmoid mass of cartilage and consists of double 
laminae with oartilage in between The bone in H setnax has the same origin and 
structure as m O melastxgma, but is further specialised to manifest sexual dimorphism 
both in shape and size, and it articulates with tho palatine (autopalatine) 

Alisphenoids are comparatively small in A Ixneatus and slightly more enlarged 
in the other two genera 

Supra-oocipital does not take part in tho formation of tho foramen magnurn in 
tho three genera 

Kx-occipitals, m view of their share in the foimation ot tho otic capsule, in place 
of opisthotic, become auto-ocoipitals m all the three gonera 

Basi-occipitals and ex-dccipitals afford condylar surfaces for articulation of tho 
skull with the first vertebra 

Small panetals arc present m A Ixneatus, but are absent in the other two 
genera 

A distinct vomer with rows of teeth on it is present in A Ixneatus, but the bone 
is absent in the other two genera 

Opisthotic is absent in all the thrcxi genera 
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Theio aro no epiotio processes in A Uneatus and H setnat whereas they are 
present in O meiasttgma 

The pro otic is comparatively more developed and complicated*® 0 meiasttgma 
and H setnat 

An elongated parasphenoid is attached ventrally to the vomer in A Uneatus 
and to mosethmoid m the other two genera in which it is more complicated ' 

A Uneatus has no myodomo, but a rudimentary oonoavity of this type is ob- 
servable in tho other two genera 

Tho lachrymal and dormosphonotio, the only bones of the oircum-orbital senes, 
am piosont in all throe genera Dormosphenotio is attached, however, to tho pos- 
terior faco of the sphenotic procoao in both O meiasttgma and H setnat 

Metaptorygoid bone is prosont in A Uneatus, but is undeveloped m the other 
two genera 

Moaopterygoid element is presont in A Uneatus and 0 meiasttgma, but absent in 
H setnat 

In A Uneatus the palatmo (or autopalatmo) of the palato-quadrate arch has 
a double condylar head for articulation with the ethmoid and the maxilla, whereas 
it is moie antonorly disposed in 0 meiasttgma, articulating with only the maxilla on 
each side In H setnat, however, it articulates diroctly with the pre-maxillanes and 
partially with the mesothmoid The suspensonum of the jaws is, thus, progressively 
disposed m an anterior direction 

Maxillae aro present in A Uneatus and O melasUgma, but not in H setnat 
The pro-maxillanes aro well develojied m all the three genera, but have, m 
addition, posterior processes developed m A Uneatus and 0 meiasttgma, in whioh 
also thore is sexual dimoiphism in the dentition on these bones 

Hyomandihular m A Uneatus has two articular heads for articulation with the 
skull, whoioas the othei two genera have a single elongated ridge 

Sclerotic bones are present in A linealus, but not in tho other two genera 
A wedge shaped cartilaginous area at the oxtremity of the supra-ooeipital 
connecting it to other bones by cartilaginous strands occurs in all the three genera 
Symplectio is well developed in A Uneatus, but only less developed in the other 
two genera » 

Dentary, articular and angular occur m all tho gonora, but aro well developed 
m only A Uneatus Dentition on dentary shows sexual dimorphism mO meiasttgma 
There is a distinct condylar head on the hyomandibular for articulation of the 
operculum m A Uneatus and H setnat Much a bead is absent in O meiasttgma, the 
operculum hinging on the thickened edge of the hyomandibular 

Hypo-hyals are separate m A Uneatus, but fused with the cerato-hyals m tho 
other two genera 

In A Uneatus the last two branchiostogal rays, viz fifth and sixth aro attaohed 
to the cerato-hyal from inside, as is found in tho higher groups, such as Perciformes, 
etc The attachment of the last branchiostegal rays is, however, exceptional in 
the other two genera, the last rays being attached to the outer surfaoe of the oerato- 
hyals 

Fourth basi-branohial is reduced m size and cartilaginous in A Uneatus and 
O meiasttgma, but absent in H setnat 

The structure of the lowor and upper pharyngeal bones is similar m A Uneatus 
and U setnat, but different in O meiasttgma 

In A Uneatus there are three pharyngeal bones (folir pharyngo-branohials) and 
four epi-branohs In 0 meiasttgma and H setnat there are two pharyngeal bones 
and two epi-branchs, the first pharyngo-branch and epi-branoh representing the 
bones of the first arch, and the second pharyngeal bone and second epi-branoh 
representing fused bones of respective elements of second, third, and fourth arches 
A strengthening ridge between the epi-hyal and oarato-hyal, characteristic of 
some higher groups, is found in all the three genera 
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Gill rakers are of two different shapes on the first oerato-branehials in A Uneatus 
Those in 0 melastigma and H setnai bear a greater resemblance to each other than 
those in A Uneatus 

Post-temporal is unforked m all the three genera 

This comparison of the skeletal structures reveals that O melastigma is more 
olosely related to B setnai than to A lineatus U setnai, appears, however, to have 
further progressed and showB structural similarities to Oambusia and MoUtentsta 
(Poeoillidae) under the following heads — 

(1) Suspensorium of the jaws disposed considerably m an anterior direction, 

(2) Pro- maxi llanos having no posterior processes , 

(3) Presence of a typioal mesethmoid , 

(4) Absence of metapterygoid, 

(6) Presence of rudimentary myodome, 

(6) Absenoe of basi-sphenoid and orbito-spbenoid , 

(7) Development of typioal gonopodium and its suspensorium (Kulkami, 

1940) 

Concluding Remakes 

Detailed study of the osteology of A lineatus emphasises the need for a revision 
of the present distinguishing characters of the sub order Poeciboidoa, of the order 
Microoyprmi to which the oyprinodonts belong The skeletal features so far consi- 
dered to bo oharaoteristio of tho aforementioned sub-order are not universally 
applicable to all representatives of this group Starks (1904a) listed tho preeenoe 
of a oircular, scale-like ethmoid (mesetlimoid) and tho absenoe of a metapterygoid 
m the palato-quadrate arch as the first two diagnostic features of the super-family 
Poeoihoidoa Regan (1911), revising the classification of tho order Miorooyprim 
(Cyprinodonts), considered the absence of the raetapterygoid as one of the distinguish- 
ing features of tho sub-order Poeoihoidoa Myers, too, in 1931 accepted tins view 

The present investigation reveals, however, that the absenoe of tho motaptery- 
goid cannot be regarded as a distinguishing character of tho group, since the metap- 
terygoid is invariably present in A Uneatus , A blochtt ( A parvus of Sundara Raj) 
and A panchax, all of which are members of the family Cyprinodontidae of the 
sub-order Poecilioidea The metapterygoid is absent, however, in 0 melastigma and 
H setnai 

Further, the structure of the mesethmoid m the three species of Aplocheilus 
examined, is peculiar In these forms the element is not a thin and soale-like bone 
but an independent piece of oartilage Tho typioal mesethmoid characteristic of 
other Cyprinodonts is, however, present in O melastigma and H setnai This 
indicates that the genus Aplochetlus may bo somowhat differently organised in the 
Cypnnodont group, both in possession of a distinct metapterygoid pioco and in having 
a peculiar cartilaginous mesethmoid 

Regan (1911) has characterised the post- temporal of the order Microoypnm as 
being forked, but this bone in all the three Indian genera (sub-ordor Poeodioidea) 
is not forked 

A comparison of the various skeletal features of the three Indian Cyprinodonts 
studied reveals greater affinity between H setnai and O melastigma than between 
A Uneatus and 0 melastigma and finally substantiates the view held previously by 
the author that H setnai must have evolved direotly from 0 melastigma Moreover, 
the slight sexual dimorphism apparent m 0 melastigma in respeot of the modification 
of a few anal fin rays of the male is further accentuated m H setnai (Kulkarni, 1940) 
so as to give rise to a complicated gonopodium — a feature that necessitated the 
molusion of the latter in a separate family Horaichthyidae In view of this, H, 
setnai marks a definitely higher stage of specialization 

The skeletal features of the Indian forms H setnai and O. melastigma have also 
disclosed a striking similarity with those of the American viviparous Poeoilbds, 

4 



104 


KULKARNI THE OSTEOLOGY OF INDIAN OYPBINODONTS 


Molliernna and Gamlntsta suggostmg convergent affinities in forms, geographically 
distributed bo widi ly apart ^ 
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anterior process of lateral etlimoid 
al isphonoid 

anterior process ot lateral ethmoid 

anterior thickening 

articular surface ot bast occipital 
basi occipital condyle 
basi occipital 

busi hyul 

branchuwtegal rays 1-0 
buttress like support 
brauchiostogal ray 
cartilaginous urea 
cerate branchial (third) 
cornto branchial (first) 
cerate liyal 
oleitbriun 

dormosphenotic 

epi brancluals 1 to 4 
epi hyal 
epiotic process 
ethmoidal < artilage 
ox occipital tondylo 
ex occipital 

foramen uiagnum 

gill filament 

hyomnndibular 

hypo liyal 

inner gill rakor 

inter hyal 

inter opercular 

inferior pharyngeal bone 

lateral ethmoid 

lachrymal 

Meckel’s cartilage 

mesethmoid 

mosoptery goi d 



occipital condyle 
outer gdl raker 
parasphenoid 
pharyngeal bones 1 to 2 
pharyngo branchial 
(auto) palatine 
pharyngeal teeth 
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P r ot. 
pr par sph 




tr lat otb 
iir hi 


pre maxilla 

posterior pre-maxillary process 

pro otic process 

pro otic 

pre -opercular. 

pro otic. 

parasphenoid process 

post-cleithrum 

pterotic 

post temporal 

post temporal 

quadrate 

sclerotic plate 

sesamoid articular 

part of semi-circular canal 

Bub operculum 

sphenotic 

sphenotio process 

sub-operculum. 

supra occipital bone 

supra occipital process 

symplectic 

transverse process of lateral ethmoid 

uro hyal 

vomer 



— The dorsal 

















Fxo 16 — Jawbones of O melatltgma (Me I Id ) X35 

(a) Bight pro maxilla of fomale 

(b) Left ddntary of male 

(o) Right pro maxilla of male. 



Fxo 17 — Bones of visceral skeleton of 0 micutigma (Molld ). 

(a) Opercular bones X 26 

(b) Hyomandibular aroh x26 
(o) Hyoid oomu x 20 
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n of O mdatttgma (Mi llil 










ON A GRAVITATIONAL INVARIANT 


By V V Narlikab and K P Singh, Benares Hindu University 
( Head March 7, 1047 ) 

Abstract 

The gravitational invariant is evaluated for si viral Rieinaiiiiiun metrics, It 

is found to bo pouitive everywhere m certain well known gravitational Holds A metric satisfy 
mg the gravitational field equations for ompty spuco is given for which the invariant is negative 
everywhere. 

Eddington (1930) has dim muted the invariant 

* = ' (1) 

in connection with the third crucial teat and also with reference to the possibility 
of constructing alternative field equations and representing the propagation of 
gravitational waves The invariant must be distinguished from 

(,) B^BF" and (») B^B'”” 

either of which can be easily shown to be — \K The importance of the invariant 
lies in the fact that the condition of tho existence or non-existence of a gravita- 
tional fiold at a point is expressed by 

B <nvc 5* 0 or B ((iya = 0, 
respectively, at the pomt and instant concerned 

The 20 independent components which do not identically vanish an 

#1212 = *1. #1818 ■= **. #2 3S J = *8, B J4J4 = *4, B t 424 = *5, 

= x t> #im = *r> B\ i _4 = x e> B U3i =* t 9 , B iiU — ^i 0> 

#2241 — *11. #8284 *■ *12. #3312 — 13 . #8 314 = J, 14> B j3u ss X 1B , 

#4412 = *18> #4418 = *171 #4423 = *18. #1234 = *18> #1342 = *20. 

with 

#1428 = a 21 an< l *l»+ x *0+*81 = W 

For a weak giavitational field for which 

da* mm g^dxHxy = (S^+h^dxVdjr? , (2) 

in the usual notation, if O 1 yh 0, 

+ 8(^+0:,* +«£+ :E M+*I > 7+*m) 

- 8 (*s+*S+4+4+4+4) 

“ 8 (4+4+4)‘ ' (3) 
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to the second order in h’e If O^y = 0, 

•*1 = — * e , ** = -* 6 . *s “ -*«. *7 ” ** 18 . 
•*10 = * 17 . *18 = * 1 «. *8 = — * 16 . *# ** — * 1 *. 
*11 => -* 14 , * l +*2 + *8 * <> , 

AlRl * 

K = 8(*J+*l+^)+ 

-8 (** # +*m+*si) . 

to the same order of approximation If 
8(1 v 

8^ y = 0, g u = % = g M = 0, 


(4) 

( 5 ) 

(0) 


the lnvauant expressions (3) and (6) become sums of squaies Our laleulation of K 
for the two-body motric given by Einstein, Infold and Hoffmann (1938) shows how 
the positive and negative contributions to K arise and the relative magnitudes 
of the two 

»n -**-*«- K. - A>(— - ?=») + W*>. 

A a4 = 0(A*),A a( ,= 0(A«),« > ^=l,2 > 3 

rf = (* 1 -f 1 ) I +(* t -i? 1 )*+(**-C 1 ) 1 , 

r* = (xl-{*)* + (x8-^)*+(x8-C*)* 


m i and //i 
lespeotivi 
given by 


2 aio mass constants associated with the points (£ J , r/ 1 , ( ! ) and ({*, tj 2 , {*) 
ly A is a parameter of expansion of small but definite magnitude K is 



+ t )+ 18 nr? M* 1 - PH* 1 -*•)]* 

r 2 ' f l T i 

+ ^ + 3^ +2 ^ w ] 


-2(* l -P)P + ~£(.n-aPj 


-36 ~ nn^-PH* 1 -**), (7) 

V 2 

where 

«f = <P) 8 + (i 1 ) 8 + (P) 8 , «| = (P) 8 + (W+ (P) s 

The first two terms in the expression for K are clearly positive All the 
remaining terms involve velocities In view of the smallness of the velocities in 
natural co-ordinates the invariant is always found to be positive Incidentally, it 
may be noted that the overhead dot is used in the above to denote a differentiation 
with regard to x* 
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If *1, x* x* and x* aro represented as x, y, z and t respectively and if wo take 
all h’a zero exoept 

A 44 as ax t +btj i +cz i +2fyz+2gzx+2hxy+‘2lxt+‘2niyt+‘2nzt+dt i , 


Aj« — axl-\-hyt-\-gzt + AiX 8 4-Ajjy 2 +AgZ*, 

Aj 4 as + . (8) 

Aj 4 == gxt+fijt+czt+y^+Yi^+Ya^, 
we have, curiously enough, 

B'ry* ^ 0, = »». K = - lb (Aj+^+yf), '(9) 

providod all the coefficients, a, b, c, ok , are taken as constants 
For the metric (Narlikar and Karmarkar, 1946), 

ds* = —(l+kt)fdx*-(l+kt)id!/*-(l+ktydz*+dt*, (10) 

for which p, q, r are constants satisfying 

P+q+r = 2, pq+qr+rp = 0 (11) 

and Q^y = 0, the exact value of the invariant is found to he 

(12) 

whic h is always positive 

For a perfectly general line element of spherical symmetry, viz , 

* * = - cA dr* - r* (d&* + siii*^ ety*) + e r dfi, (13) 

A = A(r, /),y = y(r,0, 

we find the exact value of tlio invariant to bo 


' (A'*+y' 8 )+2 (e A -l )/r* 


- 7 - £)-*(? - 7 - !)}'] 


- 4e- A ->’ A */r*. 


where an overhead dash denotes a differentiation with regard to r and an overhead 
dot a differentiation with rogard to l Our detaded investigation shows that the 
negative term either disappears or is weak in the particular cases which r are 
known to be physically significant as gravitational fields 
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ON THE MAGNETIC BEHAVIOUR OF FREE ELECTRONS 


By K S Singwi * 

(Communicated by Dr D S Kothari, F N I ) 
(Rend April 18, 1947 ) 


Abstract 

A relativistic version of tho quantum mechanic al theory of Klein Lindhard of a free electron 
gas in a magnetic field is given, and an expression for tlio susceptibility of a rolativiBtic degenerate 
electron gas is derived It is shown that the ratio of the paramagnetic to the diamagnetic mis 
ceptibility is 3 even in the general case 


Introduction 

In & recent paper 0 Klein (1945) lias discussed the problem of a system of 
electrons subject to a weak magnetic field wheio account is also taken of tho field 
generated by the electrons themselves The method in the general case leads to a 
linear integero-difforential equation for the held, and not only readdy leads to an 
expression for magnetic susceptibility but it can also deal with problems where 
the concept of susceptibility is inapplicable Following Klein, Lindhard (194(1) 
has treated in detail the case of a free electron assembly subject to magnetic and 
electric fields Lindhard’s treatment is throughout non-relativistic 

In the present paper which is confined to the case of free electrons subject to a 
magnetic field the treatment is made relativistic In the non-relativistic theory 
of Klein and Lindhard the diamagnetic susceptibility is derived from the current 
density vector arising on account of tho peiturbation of tho translational motion 
of the electrons, and the paramagnetic susceptibihty is obtained from the magnetic 
moment arising on account of the perturbation of the spin motion of the electrons 
The relativistic treatment, on the other hand, has the advantage that thB general 
expression for the perturbed current-density vector consists of two parts, one part 
corresponding to the peiturbation ot the translational motion and the other part 
corresponding to tho perturbation of the spm motion of tho electrons , the former 
giving rise to diamagnetism and the latter to paramagnetism The two currents 
enter together as is to be expected in a relativistic theory 


Derivation of the Current-Density Vector 

We consider an assembly of free electrons occupying a volume V The wave 
function of a free electron in the absence of field is 

7* (i) 

where t7* is the Dirac amplitude, k the wave vector of tho electron (k = 2w/A, A being 
the wavelength) and r the co-ordinate vector 


* Research Fellow, Naticteal Institute of Stiencos, India, Delhi University 
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The Hamiltonian of an electron with charge — e m a field defined by the 
vector potential A s in 

(P+eA,)+ J0M, (2) 

# = 1 , 2 , 3 

where <x s and /3 are the Dirac matrices, p the momentum vector (in energy units) and 
It == me 2 the rest energy of the electron 

In the presence of a magnetic field the wave functions aio perturbed Denoting 
by >jt(r) the perturbed wave function corresponding to the unperturbed wave 
lunction <p» 0 (r ) we have 

( 3 ) 

where the coefficients n* 0 * are given by 

and = J tiny,/,' = y J (v', a, A. Uj «' ’ dt\ (6) 

rfr' being the volume element and //' = ea s /Is, the perturbing term in the Hamil- 
tonian The ( urre nt- victor is 

h = — ce (^*a,</>) (0) 

The perturbed cumnt vector of the electron originally in the state k 0 is to a first 
approximation 

= -<* 1" (^*o)+2 "*o*W a ‘’/ , *o)+‘/'Io ai 2>^1, (7) 

L ***0 ***„ J 

and hence the modification in the current due to tlie perturbation is 

’] (si 

Substituting for a* 0 * from (4) in (8) we have for the X -component of the current 

= - yi [ J \SJ3 2 (g~Ljg) ( U l« AU kt )'{u\* r U k .) e'* 0- * 1 <r_r 'W' 

+/ <r '° Jr'], (9) 

where denotes the summation over both signs of energy and spm for states of 
given k and S 0 is the summation over both signs of spins for states with momentum 
k 0 and positive energy 


* It may be noted here that it tne summation b is performed over states with positive 

energy only, an extra term occurs m the current expression as can be seen by evaluating the 

spurs after introducing the annihilation operator Hh+Bkj 2 1 Bk | The extra term has no physical 
significance 
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Introducing the annihilation operator #*„+#*„ |2 | Ek a I and evaluating the 
spurs we have 

1 , . x . . . , cWAJci cm 

- J "- ) 

U,(Mo.-Mo,-Mo.> + ^y(M»,+IAx) + ^(Mo. + MoJ] (10) 

Similarly 

i , . , cmAy cm 

w <> 

[A,(kX,+k,k 0 J+A,(k,k 0!l -k x k 0l -L,k o .)+A'(k ll k a .+l.k 0) )] 1 (11) 






[A ,( k t k 0 ,+ k,k 0I ) + A t ( k t k 0 ,+k.k 0f ) +/!,( k,k 0 , — y w -t,l 0 , )] 
The perturbed current, theretore, is 
8 Ho {fcU(r) + (-d(r) k t )k+( 4(r) k)k a -A(r)(k fr u )} 

*d<~ E D dT ' 

+ SflkU(r)+(A(r) k 0 )k+(A(r) k)k Q -A(r)(k k 9 )} ~~ ' ■ '' rf/l 

J a* 0 (A* 0 — a*) J 

Introducing in (13) the Fourier expansion 

' | 

i r , ( 

or dT ) 

where dr stands for dx dy dz, we have 


8**o - - ■^^ t J^(Ao/4(* 0 -I:) + U(/fc 0 -*) *,)*+U(i 0 -*) k)k 0 

-A{k 0 -kXk *,)] e .(*.-*i »+{*jil(*-* 0 )+U(*-ftJ k,)k+(A(k-k t ) k)k t 

-w-w wj*" 1 -*- <«> 

where dk stands for dk m dk t dk, the volume element in ib-space 
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The above equation m terms of the variable k' — k^—k, assuming dw A{r) 0, 
i e A(k') k' = 0, reduces to 

‘'■•"Sjir | dk ’“ ' t + f’+2^4 U( * 1 h) 

where in (16) we have dropped the dash oil K 

We shall now average 8i* 0 for all directions of & 0 As we have assumed 
div A(r) = 0 the vectors k and A(k) are perpendicular to each other Let k be 
chosen along the axis of z and let the direction of k 0 bo given by 6 and <f>, the former 
being the angle between k 0 and k and the latter the angle between the plane through 
k and k 0 and the plane through k and the direction of A(k) Integrating first with 
respect to <j> we see that the contribution to the integral will arise only from that 
part of the integrand which is parallel to A(k) Thus we get 

T* = _ Cfi f ,lkt ' h ' A ^ i f dke ' k ’ A W ,n\ 

J ^<2w)« J \/klcW+ h * 

where 

and 

>2(^| 

|*| 

Since by definition f is always positive, wo shall be concerned with the behaviour 
of the functions /(f) and F(f) m the interval 0 < f < oc For large values of f(f >1) 

the two functions /(f) and F({) have respectively the asymptotic forms — and 


For f - 1 

At) » 1 


F (() « oo 

and for f = 0 

At) - 2 


F(t) - 1 


The two integrands in (17) are always positive We see from expression (17) of the 
current that it consists of two parts the negative part giving rise to diamagnetism 
and the positive part to spin paramagnetism In contrast to the non-relativistio 
theory of Klein and Lmdh&rd, the two currents here enter together 
In the non-relativistic case (17) reduces to 


2(2ir)lmcV 


j dke' h ’A(k)m + 


(2ir)*mcV 


dke' k, A(k)F(() (19) 
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The first part of (19) is identical with that deduced by Klein, whereas the second 
part when transformed m terms of magnetic moment reduces to Lindhard’s expres- 


CALCULATION OF THE INDUCED FIELDS 


The vector potential 8,4 (r) of the field due to the current Si(r) is given by 

V 2 8^(r) = - ^ «i(r) (20) 


From (14) and (20) we have 


— . (k)k*e h ’dk - ^ 8 ,(r) 

(2ir)* e 


Comparing (21) with (19) we have for the induced field corresponding to the first 
part of (19) 


and corresponding to the second part 


8 A,{k). 


4ne i n{k n )A(k) 


If KB. 

(22) 



mo. 

(23) 


where 8^4<(ife) denotes the current induced field and 8^ s (fc) the spin induced field 
n(k 0 ) is the number of electrons per unit volume with wave number k 0 and per 
unit range about it Equations (22) and (23) are fundamental equations of the 
present theory For l (22) and (23) respectively reduce to 


3 4^V/toC 2 ^+/i 2 

(24) 

•Ait) 

4 W klcW+iL* 

(26) 


Following Lindhard we determine the susceptibility m the following manner If 
the ratio of the mduced field 8 A ( {k) to the total field A(k) is independent of k, 
except perhaps for a negligible surface layer at the gas boundary the susceptibility 
is given by iA t (k)jAnA{k) Such an independence of k is evidently indicated by 
(24) and (25) but is not found in the more general ( ase represented by (22) and (23). 
For a fuller discussion of the problem of the existence of susceptibility we refer to 
Lindhard’s paper It is interesting to note that in the general case lopresented by 
(24) and (26) where account is taken of the relativistic mechanics the ratio of the 
two mduced fields is — which is in agreement with Landau’s result for the 
non-relativistio case 

For £ <1, i e. Ji| large, ~~ and both tend to zero The boundary con- 
ditions for the field demand that the induced field should vanish at the boundary 
The vanishing of the induoed field at the boundary of the gas volume is equivalent to 
the vanishing of the higher Fourier coefficients of this field This decrease of the 
higher Fourier coefficients is a purely quantum theoretical phenomenon and has of 
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course no connection whatever with Bohr’s proof that the susceptibility of an 
electron gas, according to classical physics, is zero 

Susceptibility of a Completely Degenerate Electron Gas 


According to our definition the paramagnetic susceptibility in the general 
is given by 

hAfk) _ c 4 I »(£„) 

-TZk* 


‘ 4nA(k) 


(26) 


where the summation uu hides all values of k 0 
volume bt tween l 0 and £ 0 +dA' 0 is given by, 

4ngk‘adk 0 

nik e )dk a = (2w)3 


VktcW+ti*’ 

The number of electrons per umt 


where g is the weight factor for the electron (g = 
lity is, therefore, given bv 


(27) 

The paramagnetic susceptibi- 


where K 0 (the maximum value for k 0 ) is related to the electron concentration bj 


Integrating (28) we have 


Xp - 


jrge_ 


4(2,r)8 J 0 Vk& 

,) is related tc 
“\AirgJ 


(28) 


(29) 

(30) 


‘ ( 2 ir)*cU 8 ‘ ~ ft/ch 

In the non-relativistic case (K 0 cH^n) (30) reduces to 
fP »i3‘ , 


“ n* jrt 


■»t , 


which is the well-known expression of Pauli 

In the extremely relativistic cast (K 0 cft^>n) we have 

Bbrflc (24^)>ft , 


- log. 


where B is the Bohr-magneton (^B 

The diamagnetic susceptibility will be — $ of the above value The occurrence of 
log n in (32) is interesting, and is due to the fact that the magnetic moment of the 
electron varies with the kinetic energy 

In conclusion I have great pleasure in expressing my gratitude to Prof D S 
Kothari under whose guidance this work was carried out 


2mcJ 
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ON OPERATIONAL CALCULUS 

By H C Gupta, Pk D , Professor of Mathematics, 

Meerut College, Meerut 

(CommuiiK atod l>y Dr Ram Behan, M A , Ph D , SeD , F N I ) 
{Received April 4 , read May 2, 1947) 

Theorem I If f(p) ^ h(r), then for p> 0, E(A)> — 1, 

p »^f {p - n=F{x)ax hj h(s) J^SX*) ds, (0 

where* 

J> X (’*') - ^ {(-x)7r!r(L+A+ M r)}, 

provided that 

(*) MW(l,^)=«(r l + '), 

(n ) as s -*■ oo , ft(«) = o 0*<* + *>-<-•' exp ( — «* *' , ' ,00 “ n * cos irk)], 

L being equal U> l/(/i+J) and «, «' being arbitrarily small positive numbers and 




r F(x) <lx 


(*•») 

converges absolutely 

Pboof By the definition ot o[>oratioiial tolatiomthip 

x* j h(s) J^srP) ds = p j e~ fi ‘ z* dr J Ms) ds 

- * /,*<•> *//*'" 2 rl ru+A+„r, *• 

,-TT^T) J/"*-'"" 

= A(«) exp (— p-Pstds 

J o 

= 8UKe P | h(x)e~ px dx = /(p) 

J o 


(Ii) 

(It) 


* This is Maitland's generalised Bessel function See Ref 18 
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The foregoing proof involves two inversions which have to be justified, viz. 
in steps (Ij) and (I g ) 

The first inversion is justified, under the conditions statecfliy virtue of Do la 
Vallee Poussin’s Theorem, 1 since both the x- and *- integrals oonverge absolutely 
and the double integral exists, for by the formula * B( 1 ) 

as a; -»■ oo, J%x) = O [V* ,A+ * ) Bx P {(^)\oOBnk)^k} ] , l/(l+p), (0 2) 

and as *-*-0, J^(*) “ O (1) 

The inversion in the step (I s ) is valid since each term of the series, 

V r (x) m (—axt*)' jr\r(\ +A+/o) 

is continuous and 

1| U T (x) | 


converges uniformly in the arbitrarily large interval 0<j:<a, also is 

bounded and mtegrable in 0<*<« and 



U r (x) | dx convei ges to p A ’exp (sp **) 


Corollaries 1 If f(p) == h(x) and p w a positive integer, 

*M •?,{», *+j. .*+>-C -Q j* 

•* o 

In particular, if p = 1 , we obtain Tncomi’s theorem 14 , viz 
If f(p) s s h(x), then provided that the integrals converge 

J>‘"7(l/p) = J (*/a)*Vv{ 2j(sx)}Ms)d8 

2 Similarly, for p = 2 we have the result If/(p) * h(x), then under suitable 
conditions of ( onvergence 

p*~ x fl i/p*) = J* u*)“ A+1 ’ f »uW) m *, 

J o 

where J m , m (x) represents Humbert’s function defined by F(10) This is a generali- 
sation of the result given by Humbert 7 for A = 2 


To evaluate the integral in (01) we shall frequently lequne to (hangethe 
older of summation and integration , we therefore set opt the conditions under 
which it is valid Since the infinite series for « PfoeP) in the integrand is a senes of 
continuous functions and is uniformly convergent in the arbitrary interval (0, «), 
where x may be taken as large as wo please, the termwise integration is legitimate 
if 

(i) h(s) is bounded and mtegrable in (0, «), and 


•The number of the formula is written within the brackets ( ) preceded by the letter 
V or B appertaining to the table of formulae given at the end of the paper 
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(n) J h(a)J'^(—3x ll )de converges From B (2) we note that as «->oo, 

^(-«^) = 0 [ a -* (A+ * ) exp{(^)Vi].^= 1/(1+/*) (0 3) 

This set ol conditions will be referred to as conditions A 


Result 1 Applying the theoiem to the operational relation 10 


/(p)-pi-*exp(l/2p)H^*, 
we get 


■ (‘/JP) = 2**-** to (2 Jxyrl (1 +k±m) m h(x), 

H(\+k±m)>0, 




(ax>‘)da 


V r& +k+i±m) {-Y***" 

r ^ u F z (lc+ $±m)r’ F(l+A+/xr) 


= F(x), say, 


-K(A)>-1, 


(J) 


on expanding J * , changing the order of uitegration and summation and using the 
integral »[BF, 383 (3)] 

J l Kt m (2j8)de = jr s (A±m), >0 (11) 

Since i® A 8M (2 v /a)=0(a* , e"‘ ! V'*)asa->oo,lBF ) 202 (l)j (12) 

the conditions A are satisfied il /*>1 and the inversion is thoieloie legitimate 
For n = 1 the function reduces to tho Bessel lunetion and the same value of 

the integral is obtained by (1), § 13 46 [B F ] as from (I ) Fuithei loi F(x) to be a 
valid otigmal the integral 

J c~ px F(x)dx (121) 

should also convorge 

As for the behaviour ol F(x) as x-*- oo wo find by the formulae B(0), B(5) and 
B(4) lespectively that 

F(x) = O^p = A-p^+i- |m|) when l<p <3, 

F(x) = 0(x“+x°), <j = X+p(2k-X-\)j(p-\} when p = 3, 
and F(x) = 0{x° exp (.AaWb*- 1 ))}, AX), when p>3 

Also tor all values ol p, F(x) = O (x*) as x -*■ 0 

Hence the integral (1 21) converges if p<3 and if(A)> — 1 (I 22) 


* For the sake of brevity of expression, the symbol f, lias been used to express the 
product of two /”• Thus r a [a±fi) m T(«-f P) 

Similarly. r t (±o±^) mT(a 1 (5>r(«-ftr(-«+/J)r(-o-/5) 
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Thus both the sides ot (1) are analytic under the conditions (1 22) Hence * 
by the principle of analytic continuation the relation (1) holds if ft(A)> —1 and 
l</x<3 "%<*• 


Particular Cashs (1) Taking /x = 1 we find | from (1) that 
p k -*e ip W- k ,m(p) = ^ a *\(k+l±m, l+A,-*)/r(l+A), if(A)>-l, (I 3) 
the hypergeomotric function bemg defined for x> 1 by its analytic continuation 2 

By taking in succession (i) X — k+m~ (u) and (in)} m = A=2kTi. 
(iv) and (v) m = A = Tj. (vi) and (vu) k — A = Tl and usmg respec- 
tively the formulae F(lfi) to F(22) wo have on wntmg P lor 

e ip W-k ti {p), i e 2*(2*») i e**D_ 2 *_| W(2p)}, by F (7), 

(i)i7 r^+jfc-(- w ) 1 ,‘-’"c‘ #> )T. A „(p) = ^ +M -*(l+ a: )-* + "-*, /*(*+*)>_*, 

[M A , 340J, 


(n) and (m) f 2- / (2/»)-* ±, P= { v /(H-^-l}‘" T V-r(2*Ti+l)(i+^)**‘, 

m >- i±i. 


(IV) p* + *Ps 

(vi) pe^KJip) 


cos {(2k+ 1) tan Vx} 
+01)*+* ' 
coah(2wt Binh l s jx) 
J{x(l+x)} ’ 


(v) p k ~ip . 


sui {(2b— j) tan~Vg} 
V W (k~i)(l+*)*-‘ 


(mi) PW . !,«(/») 


sinh(2m sink -1 ,/*) 
»»V{w(l+T)} 


(2) When p = 2, the relation (1) may bo put m the form b 


-**')•■ S(A) >- 1 " 4 > 

The relations, obtained by taking A = 2 b— 1 ±2m or A = 2b±2m and using 
F(5), may be wntten down by taking r = 0 oi 1 in the following [Case r = 1 is 
duo to Shastri 18 ] 


r(2m+2k+r)p l -' im r e' p *W- k m (p *) 

- 2 l+ W + "~ W*\4f 1( *_ 3M _ f+1)> «* + » + ,-.)(^*) 

(A) For p = 3 the relation (1) assumes the form 




x* F ( b±m+i, _**' 

ni+ A) 1 \i(H-A) , J(2-fA) , 1+JA , 57, 


( 15 ) 


* This m tho lino of argument that has boon used to oxtend by the principle of analytic 
continuation tho range of validity of tho various formulae established henceforth , and for the 
sake of brevity tho whole argument will be indicated by the abbreviation A C 

t The ambiguous sign m tho gPj has boon usod to write tho two parameters fc+i +m and 
* + m m a compac t lorm Anothor uBe of tho sign is given in the following note 

f Where the ambiguous sign may not be taken indifferently, it is to be implied tliot the 
lower signs taken together givo one formula and the upper ones another These uses (see foot 
note, p 133, also) of the ambiguous sign save considerable space 
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The relatione, obtained from this by taking (i) m = J, k = £A or (n) m = i, 
^ = i(A + l) or (m) m «■ $, l = $A+^ and using F(l), may be written down from 
tho following by taking r = — 1, 1 oi 0 

pi + WW - * »-*»(*■> = (3«)* ( *-»-»V + V t - |r - t {2(iJi)*}. 

Result 2 On tormwiso interpretation, valid for 0</?<l, wo have 
AM a * a exp (-$**) If*, „(»*), 

which by F(10), 

_ r(— 2m) a+ftm-H) /m + l+k, ■ a similar expression 

r(^ — m—k) 2»t+l, /"'"with— m written for m 

_t_ V* ft— 2w— r)( — ) f F{ 1 ^+r)} a similar expression 

r(\—m—k—r) r! px+fi’" H *•'> "'"with — m wntton foi m 

» a y 

Hence by Th I, 

/-*/(,-<•) - X* [ «r (-iAw,.(A 5 * 

=, f (-)'x* +tlr r t {j±m+(r- H+*)/fi} 

~ t 4 0 P r\ I\l+k+pr)r{l-i+<r+l+<*m} ’ 

J?»»-l,tf{a+M±»)f>-I, (2) 
on intogratmg term by term by means of the formula 4 

J v'-'e- ix W k , m (x)dx= r t (l±m+\)/r(l-k+l),B(l±m)>-i (2 1 ) 

Ninie 17 as x -> oo , Wk m(x) — 0 (z k e~**), [MA, 343], tho conditions A are 
satisfied if besides the resttn tions mentioiud above, — I/P , and tho inver- 

sion effoctod above is justified Further in order that the original in (2) may give 
a convergent integral of the type (I 21), we should have p — 1/£<1 Formula (2) 
is therefore pioved to be valid if 

B(\)>-l<R{x+p(i-\m\)}, O<0£\, 0<p+) -\/p<>2, 
and by A C the range can be extended to mi hide the ease 0 = 1 — 1 /j9 

Particular Cases (i) Of the two series n the image function only one 
survives whon k = m + \ , and we obtain the relation 

V (-Wl + H-jSr) _ ^ (-r-r^rjfv+r+I)/^ 

2* r \ p * MO+H-p) Z, P n ru+A+pr) ’ 

H(\)>-KR(v), Q<P£], O^p+l -1/P&2, 

where for simplicity i\o have used the parametoi v for a+/S(m+i) 
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If wo further take fi = \ and use F{7), we have 


p' 4(v+,M 2 


(_)r^+Sfj^8H-2+2r) 
rl /’(l+A+^r) 


l^/t^3,-R(A)> — 1 <JI(p), (24) 


which was givon in the special ease p = 2, A = 2v+l by Varma 15 

(n) When fi *= 1, the image function in (2) is easily seen to be the A C of a 
single t F l expansible in descending powers of p, winch on teimwise interpretation 
reproduces the original function 

(in) When p and 1//3 ( = n, say) are both positivo integers, the original m (2) 
may be expressed as a single hypgc function and by choosing the parameters 
suitably this original may he made susceptible to the formulae F (1, 5, 11) and 
thus provide us with the images of a tew more Bessel's and Kummer’s functions, 
but the images do not lend themselves to expression in a closed and simplified 
form 


Result 3 Take the fundamental opeiational relation 

f(p) - P~ ¥ - x ¥ ir(l+v) » h(x), R(v)> - 1 

Then by Tli I 

P^-^Kp-n - ^J* JfarVWd'iri l+v) 

But pP-^p-n - pP~ x * ** « H)/r(l+A-p-pr), R(A-p-pv)>-] 

Hence by Lorch’s theorem 8 , accoiding to which every legitimate image 
function has a unique original function, we have 

f s y J%(w)iU m r(l+p)/r(l+A— p — pv)w' + \ (3) 

J o 

valid by A C when ^<1 and R(v)> — 1, with an additional condition R(A— 2r)>^ 
in case p = 1 

When p *» 1, (3) reduces to the known integral 18 [B F , 391(1)] 

J t r ~**J x (2Jt)dt = r(l+y)ir(\-v), R(v)>-1, R{ A-2r)>i 

By differentiating with respect to v, we may introduce powers of log* m the 
integrand of (3) 


Result 4 Applying the theorem to the relation (1) and writing p foi 
l+Aj+Hil/iA+ip— A— 1), we have the integral 

mm original of p 1 ‘ p+lw ‘ l exp (|p~ W4| )IF_.A i ,,(p~ M '‘ 1 ) 

.V f r(-2m)(\+m+k r+m)~i a 8imilar exp W]th -i 

,4o L r(i-w+ifc)(2»n+l , r)rl r{p+pp 1 (r+m) > ~ m Witten for m J ’ ’ 
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on using F (0, 6) to expand W - h „ and interpreting term-by-term The integral 
(4) is convergent when 1 <^» <3, 0 <fi, <1 and R(A)> — 1, with an additional con- 
dition A + fi{k+ £ ±wi) } > J when m = 1 , and a furthei one B( A -(-Ax — 6k) > — 1 

if also n » 3 


Particular Cases (i) Taking fi 1 —> L and wntuig v for Ax we have 

J 8 , -i- , .1+-, ~(fi) J 


r(A+l)r(-2m)^ Ie«.-1-J- n f 


\+m - fl , 2w+l, 
m .P+1 


+ a similar expression with— m written for in, (41) 

where p * v— A +p(A+ J) and p = 1 , 2 or 3 

It is interesting to note that the expression on the right of (4 1) lends itself to 
expression in a cornpai t form as a single infinite senes in case m = J oi — £, namely, 


2 * _2 *r(2*+J) " 0 rl r (P+fr* r -to*) 


(a) Taking 1, the t F 1 in (4 1) may be made susceptiblo to the formulao 
F(16) to F(22) The first of these gives a foimula which may lie verified 14 [by (1), 
§ 13 6, B F , p 434] To apply F(1 7, 18) put m = $ and 2& = A± $ and we get 


i -l V r ( 2\fex) 


{J(l+j)-l} A ^ r(ir+iA-fi±i)(-2.y.rr 

(1+s)*** (iA)-* ±4 " r( / , (r-JA+ir+i±J) 


if(A_v)<±f «(A)>-1 


When n » A m the first of these, we find that 

To apply F(19, 20) take m = { and A = TJ, and we have 
J o (T+^Th Hin « 2 *+i> tan-V4 * 

2»- 2 *r(2ifc+i) r ^ u r\ r(\r+v+k+\±\) 


, *(A)>-1 


R(k+\v)>-lTl 
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When v = — £ in the first and v me J in the sot ond of these integrals, wo get 




r) sin {( 2 *+i) tan-V4 


>(l+«)* +1 

) tako 21 
I J v (W»x) cosh ,, 


y*0lx 

"r(2k+i) e 


R{k)>- i 


To apply F(21, 22) wc have to tako 2k— J »A = TJ These yield the 
values of 


r - 1 J v (W*x) cosh . . . , , 

J,,’ •7irR-iml.< s "“ h -V*)"* 


(m) The integrals obtained by taking ^ = 2, k—m = JA + J or JA and using 
F(5), may bo written out by taking r a 1 oi 0 m the integral 

f ^-’'- 2+f) e- 1 *V,( 2 V^^. l A +l , iX-ird**) 

r(^A-^+l)2 t(A+f> - ] r(A-2fc+r) /2fc-|(A-l+r), 2fc+l-A-> i*\ 

N /7r/ , (4*+p-2A-r+l)A- w -l ,,+ * A ‘ , \2i-A + Ji-+|±i-^. */ 


r(\+l)r(2k-\-r)r iy+ ' A(l+A+»), A-2*+l+r, \ 

2‘ AH -* r r(2fc_JA+l-ir)r(p+»-+l) 1 \ i^+l+t), i(v+r) + !, A /’ 


(4 2) 


valid when It (4k— 2A + $v— r)> — l<J?(A) 


(iva) Take /* » 3, and use F(l) when (1) m = A = 3 k or (2) m = J, 
A aa 3A— 1 or (3) m« J,) = 3fc— J The mtegials thus obtained may be written 
out at length by giving m succession to the set of paiameters [A , B) the values 
(1, 2), (2, 3) and (1, 3) in the formula 




2 in'-* 


’mi 

"L r(v+B) 


vnrik + l + lB-lAhFtk + h + UB- 1) > 1+1(5-^), i(fi+v), i(*+H-J), 


J(ZH-r+2),-ir*] + a similar oxptession with A and B interchanged, (4 3) 
valid when R(6k+5)>B+A<6—R(Qk—2v) 


(i vb) Take p. = 3 and use F(1 1) when (1) A = 3, k ™ $ , 
a j <m m The two integrals thus ohtauied aie 


-1, or (n) A = 1, 


j X J y (2 ( *«)* (i s )i}A ^i,h 

_ T 32j;»%iV3)**r Jn >- s \ (2x»)**V2 

+ 2n LA^+lii) 0 8 \ 3 ’'->.*»• 27/ />+!?!) 

i*<(l . l=Fi, l(v=Fl+r) fr . 1A , -g)],«(v)>±} 
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Result 5 Contudei the relation 11 

(1/2*) oxp (— l/2r)/„(l/2i) = pI v Up)K v Qp) ^f(p), win. h hv F(1 1«), 

= jp{r(i+v)}"'[F(-p)(ipr a F 2 (j+p, 1 +M+2v, P )+rwiJ’ t (i, i±r,j>)] (5o> 

The original of IH nwily doductxl hy interpreting term by term 

Applying Th I it is found that 


j/S 1 ”’”",' (“sMs)? 

r[-v) 


1 


ii+*,r)vr» 


r( I + V + r)( 1 +2v , r) r ' T { 1 +A +p(v + r ) } 




(b r)w* 


(l+e,r)(l-v r)r!T(l+A+pr) 
provided that 0<p<l and /i(2i-+A)> — f in cane p ■= 1 , when the uitegi rIImh omea 

«,‘A 

Xj F 3 (J+e 1+r, l+2e 1+r + A, t F 3 (|, 1 ±v. I +A , w) 

Result 6 Take now the l elation 11 

x-'JJx-i) = 2pJ v (\/fy)K„(\/2i>) a f(p), which hy F(2, 12, 13), 

+ m= ^ L l oF J 1 -^, l+tv, | +r , -LA (60) 

Z o r(i+iv+jr)ri + ro+v) 2 • ■ \a p ) lou > 

Proceeding aa before we finally arrive at tho foimula 

V r d'-m-W* I v ^-^K^Vr x 

Jo A< ' 'V*/ s z 2r(l+Jp+ir)rl F( 1 +A+p»yZ r! (!+*», r)(l+|v. r) X 

X F{ l+A+p(e+2r)} Td+e+r) * (6) 

where 0<p<l and ft(2r+A)> — j{ m < ase p = 1, when we have 

J*^ J\(2y/aw) 1 '4^’ 1 + ‘ A “St*’ 8 ) 

to 1 *** /, , , , A+S A _vA 

+ (1-W+2)°H ! ’ !±! ' 2 ’ +i - ’ 64,) 

F(— p)w»-+w /l +r , A+ <+ 2 A+p-f 1 «’ B \ , ft1 , 

+ m> W+i-w "M t- '-»->• 1 + - -T- ■ S~- -m) (nl > 
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Result 7 Let us now start with Goldstein’s relation 4 , 

r^^x v (~]j2x)W k , Jl/x) _ 2p^K im (2Jp)mf{pp^ (7 0) 

Using F(4) to expand p M- Y(p~ ,< ) and interpreting term by term we finally arrive 
at the formula 






-l+m+r)} 

-f- a similar expression with— m written foi m, (7) 

valid when 0</i<l and also R(k+ $A±»i)> — $ in case n=l, wlien we have 

0 F a (l +2m, A-f-Jfc+m+J ,w) +ft similar expression with — m written for m 


Theorem II. If f(p) * then provided that the integrals mwlved converge 
and p>0, 


1+A W(r [ t*-'f(p? )J(t) dt 


Proof B> termwise interpretation we have 

'-‘-K-£)-2££ 

Applying Parseval«Goldstom theorem to this relation and the given c 
f{p) i f(x), it follows that 

J jf AI exp^--^*(j/) dy * J t*~' J^(at M )f(t) dt, 


which on putting l/x for if and p for a may be written as 

pj x- l+x be- px *(x- v *)dx -ppj mt*-'f x (pt)dt, 

whence the theorem For the convergence problem we note that as <-*■ 0, 
mm 0(1) and as t-rco, 

t X ''r x (pf) » 0 exp { fc V^* «»»*}] > k - l/(p+l) (801) 

Whenever it is permissible to evaluate the infinite integral in (8*0) by expand- 
ing the Bessel function and integrating term-by-term we get the original of an 
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image function expansible in asoending integral powers of p The termwiee inte- 
gration is justified, under the following set of conditions B — 

( 1 ) /(() is bounded and mb grable m (0, a) where a may be taken as large as 
we please, 

(u) the integral J t* ' j(l) J^*( — pf) dt converges, the asymptotic' behaviour 
of the function .r being given in (0 3) 

Result 8 Applying the theorem to the relation (7 0), we have 

= pp 2^ (— p) r r 2 ,(\+pr+k + J±w/)/rl F(1 +A+pr), (8) 

on carrying out termwise' integration by means of (1 l) 

By virtue of the asymptotic behaviouis (0 2) and (0 3) the conditions B are 
satisfied if 0 <p<l and U (A+fr— | m | ) > — J By A C the usult (8) is also valid 
when p= I , as may be easily tetified [by (1) § 13 45, B F ] 


Particular Casks (j) When p=l (8) I educes to a known lelation 
(u) When p = we have horn (8) the relation 

*»-*-»«• w / -.v - / v ± m ’ P 8 \ r t (v±vi+j) 

2 W kn (* ) ~ r( i +A) p*F^ A+ | 4 4 J r ( A+f) px 

xA (t“+*: ?)■ 

ero vmk+ A+ J Taking^ = m +£ and using F(7) this gives the knowm elation 16c 
exp(-^«) = F(A) p exp(i p*) D_ x (p), 12(A) >0 


Result 9 Applying the theorem to the relation 11 

2p J,{2Jp) K,(2Jp) = (1/x) J r (2/x ) 
we have jj-’+U+D^ j f{2x Vp) 

= 2ppj™JS 2 J t] % i-pVt^lr I T(1 +\+pr) J dt 

- (-p) r r{4(A+K+l+/ir)}/r! r{ i(y+l -A-pr)}, (9) 

0<p<l, fl(-r)<.ft(A-H)>0, 

on carrying out termwise integration by means of the formula 

J* x'- 1 j v (2jx)K r {2ji)dx = mrw+kvymu-ii+v, o <r(D>r(- V ), <« i> 

which may be deduoed from (i) § 13 45, B F on using F(23) 
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Particular Cases (i) Taking p = £ m> —A, we get Howell’s relation® 

Jv = r( V + 4)pD_ v . l( pe 1 *' ) D_ r ^pe~ im ) , 

To show this we multiply out the expansions of the D _ j ’s as given in F(7) and 

express the produot by F(15, 14) as a sum of four *Fj(Jp*)’s This sum put m 
compact form as a single senes assumes the form given in (9) 

(u) Bv takmg p = | and v— A = ±4 or— I, the image function oan be ex- 
pressed by a Whittaker function For example, taking p. = % and v=A+|, the 
relation (0) betomos 

V. „ i V'(~JP) 3,+ T J>+J+r) 1 F(v+r-H)p"j , a series of vanishing 

-r J(2 r ‘ ) = Z (f,r)r* L (*. -» ) ^ T( J - r)(^, r)J ^ terms 

(-+1. l-4' , *) + 

+m+iin-wi>.J' 1 (»+i,4,i P *)] 

- ( -/3/2w)F( „+4 )J> +f ) W_ v j (jVp») exp (*p») 


Corollary Take p = 1 in Th II , then we have 

If f(p) = (j>( r), then provided that the integrals involved converge, 

•*''*(! /J’)»P 1 '“ r o t kX ~ l J\(Wip)f(t)dt (100) 


Result 10, Considor the operational s relation* 

I(p)*r(p+v)pJ--V/ ()+? ,)P+f. = ,-V- 1 1 F 1 (p+p, p+v, -a-) 

1*1/ 

P+1M-P KP+r-l) 

Applying the oorollary we art led to the relation 

=p? ‘T(p+v) f t ‘ + ' , J r _ 1 (2Vti)d//(l-|-t)/ , +P 
J o 


(a )-*(••) 


Evaluating the integral by the formula (1) [BF , 434] we finally get 
r -lp+l»-i exp (_i /2x)M p+ift _^ t(#t+F _ 1) (l ft) m r-H-i ,F,(p+p, p+e, — 1/r) 

The integration is valid under the conditions R(p )> 0 and R{ 2p-fi*)>— J, of 
hioh the latter may be \t aived by A C 


* This relation as well as the similar ones in the next two results ran easily be obtained for 
p>l by expanding /(p) in ascending powers of 1/p and interpreting term by term The range 
of validity is extended to p>0 by A C 
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Particular Casks (i) Wc first oimstruot from (10) Goldstein's relation (7 0) 
For this we takep = 1 and put for convenience k+m — % for p and m—k+l lor v , 
then the relation (10) after some simplification beoomes 


ra-m-kf 


“'*■ 0 - 


/’(2w.)r(l — 2//t) 
r 2 (J-fc±m) v 




+;/ +M+ ‘ f(— 2m)ojF 1 (2/« + l ,p) 


Now add to this a similar result obtained by writing —m tor m , then the 
first terras of thi imagos bung odd functions ol m eaneel out and tho di sired rela 
tion follows at onoo by F(2, tt) 

(n) It we suppose p = Jr and p= J — Jv orp = | and p = i« — 1 and use F(8, lln) 
we get 

.^(l/x) = %)<| , 

and u {l/2*T(p+l)} „(1 /x) m (l/x)«- 1/a,! / M (l/2 < ) = 2 pl^J p)K^J V ) 

(in) Tho relations obtained by taking * (1) p = 1, v = j'.A = Jp+J or (2) p = 1, 
P = — M = Je-f or (3) P =» p = J, A = Jr— J or (4) p — l— p, r = J— p, A - J-p 
and using F(l, 3), may bo put in the oorapaot form 
x -'\-» e -ili*M rX+ ,, XH (l/x) =. r(»)r(2A+2-s)r(i-A-Ar)p2‘+^+lx 

X{f«(2Vi»)-^-2Ar(Vp)}, 

where to the set ot parameters (r, «, /) we assign m consecutive succession the 
values (1,1, 0), ( — 1, I, 0), ( — 1, j, J) and (1, j, J— A) The last formula is valid 
only if i?(A) > — i 


(iv) In the six oases, via (1) and (2) v = p + J, 2p+p = 1 or 2, (3) and (4) 
p = J, v— p = 0 or 1 , (5) and (6) p+p = J and 2 p—v =1 or 0, we may use the 
following special cases ot F(ll) — 

(i) iF b (A+J , A+I, 2A+1 , **) = { 2^(l+A)*-'>7 X (»)Y , 

(n) iF 2 (A+i, A+l, 2A , z a ) => r(A)P(l+A)(i*)‘-w/ A - a (*)/ A W , 

(in) jF 2 (i, A, 1— A, z 2 ) = —l+r K \)r(l—\)zlx-i(z)J a(*)> 

(iv) iF 2 (J , A, 2— A , z 2 ) = -H-2r(A)r(2-A)/,- X (z)/ A . 1 (2) 

The last two arc obtained by writing out the 2 P 3 in the expanded form and 
considering tho limiting form it assumes when the parameters tend to zero 


Result 11 Expanding /(p) in 
term by term we have 


f(P) 


piP-V+S JJ2P-2P 14P-3 

(1 +p t Y t ~ r (2(i—2p+4v—2) 


asoondtng lowers of l/p and mterprt ting 

i h\ (p, p— p+2r-2± i,— i» ! ) » 

H (p+2r- p)>l 


Putting A for 4v— 2 and applying the eoiollaiy we have 

js *'- 1 <f> (ijx) - »- 2V+l J tr -tf VtJ) 


'ilie new parameter A lias been introduced for elegance of results 
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Evaluating the integral by a known formula [B F , p 435] we are led to 
the relation 

if 2 (? ■ ^-p+2-±i— | , -1/4**) **-*• ^ 

r(2 / x+4v-2p-2) r rb±Mtez+i& x 
m^) p L r(4v-i> 

i*Vp+* . i. 2v,p + < -p, - x \pt) 

~{r(p-i-p) r(p+\)/r(4v)} p t F<(p+i , 2*. 2,+j, P +2-p, — 

+r(2p + l— 2p) pto-zp iFt(p, p— p, p — p+{ , p— p+2r— J±i VbP 2 ) (11) 

The total conditions under which the foregoing analysis is valid are 
P> 1. %+p— p)>§. R(p)> — h #(4i< —p ) > 1 
Of these the first two may be waived by A C 

Taking \p— i = 2v — 1 = p — JA and usuig F(2, 12, 13) the relation (6 0) is 
obtamod It is interesting to note that the two hypgt functions within the 
biackets f ] combine together to beoomo expressible by the single infinite 


rnp + i+i') TOi-p-i-Jr) (-p)'M r(4v-l+r) 
r-0 

Result 12 Expandmg and intorpioting as befoic, we have 

, (., , ^11 = y (!+».')(-)' < WH| - _ *„) 

1 (i+vP)'*" a n»+}-<.+Wi 

The coiollary to Th II theu yields the relation 

* v - 1 4 (ijx) = pi-» r J r-H’-r-' J»(2\/ip) ,n/(i+jt)'^ 


*(*) = 


Evaluating the integral by a known formula [B F , p 436] and expressing 
4>(l/x) as a linear combination ot two *FYs we havi 

x?- 1 P /M-fl.M+j, 1\ (2f*+l )* p ~' ! p //x + 1, p+i , 1\ 

r(v+i-p) i, H-$-p . rj r(v-p+ 2) }, v + 2-p , s) 

[ rip-tiP*-" F ( \, 

"•LrVp+Ij p r 

r(p-i)(2p+i) / l+ p,i+p, yi 

r(v-p+2)pP-* * ®\3, V+2-P, 2-p , p ) J 
, 2r(2p+2 M )P(l-2p) ^ „ /p+ft,p+p+b, _ M.n 

+ -r(i+v)r ( iW p iFt \ v+i. p. P+i , - p ) mgip) ’™ y (1 "> 

The various processes involved m the above investigation require that p>l , 
JHtv+%)> R(p)> It(—p) But sinoe ^)aO(i ,_ ') as x~*oo and 0(s p ^~ l ) as 
n— ►O by B(6) and g(p) is analytic for p>0 the final result is valid by A C if only 
R(p+p)> 0 

The two terms m [ ] are expressible by the single series 
(l/r(2,i+l)} 2 {r(2p+l+r)r(p-l-ir)pi-W'ir(*-p+\+lr)r\} 



GUPTA ON OPERATIONAL CALCULUS 


146 


Particular Cases (\) Whon p = 0 or v-p~p = — J or— I , <li(x) is susoeptoble 
to F(6) 

(ii) Taking p+p «* v+J or v-M and using F(7) we get essentially the same 
relation, viz , 


, 9 \-, tF J xH • _ A _ 2 Iip-H pi -P 

+ JV+T) P p ) ra+p.) p 


,( p+p< ~p 
\p.p+*. v 

F J »+*•■ 

1 V*-p. 


') 


ii(p+p)><> (Ii 1) 


(m) Taking p = 0 and using F(2, 3) we are led to the relation 
^-V'‘Erfc(l/Vr)«i* , P ; ‘~* P 00860 P* [fl*-,(i^P)J-*V,(is/P)]. -«(P)>I> 


Result 13. Using F(3, I) to expand /(p) and interpreting term by term we 

have 

J(p) m rp h+i {I*{ll*/p)-Lp(iiJp)) 



Hence by the corollary to Th II, we find that 

a’"-^(I/£)«(1/» t (-)'a r - , -» r /rir(p+l + 10 

= 2'+' pM” JV** j^wjpAiym-WftUt 

= 4p'*’J£:i,(2p‘)^ 1 ,(ip i ), ( 1 3 ) 

011 using a known integral due to Meijer 10 
Proceeding alternatively with 

S(p) - p-“ exp (-2 Up) or ](p) 
and using respectively the integrals 11 

| t at ‘J,{x)dxjx = 2 J v (V^)K,(V^) 

and 

j*j p k (U){l t (*ltu)-L,(#liu)\u»-'du = -K^X 1 - 

we anive at the same result 

Result 14 Applying Th I to the relation (0), wo obtain by the usual method 
ot procedure the integral 

r ^ (-rri^+i+w)}^ (U) 

I 2l* g r< r{i(v+l — A— pr)}r(l+0+v) 

valid" when 0<p<l, 0<«<1, «(A-hv)>-l, with an additional restriction 
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R[ J 8 + (i_2A)/ M }>-i in < ase a = 1 , and then it becomes 

f » (-)TU(u-h+a^oW +>/} 

a i+tfi-t+W * ^ Z r r j r{l(v+l-A-/*f)}r(l+j8+r) 

J 0 

In the uwo A = v = JJ3 and p = 1, this gives aitoi some simplification, 

J Jp(2\/no)J v (2s)dt. = \J v (\w), lt{v)>-\ 

The n latum (14) also holds, by A (J , when « = 1 , p = 2, piuvuled that (l) when 
0<tv<] oi wlu'ii w = 1 and /?— v = «n odd Integra, then /f(A+u)> — 1 <jR(/?— A) 
and (u) wlun w = I and odd inUgw, tlun W(A+v)>— 1, lt(i 8— A)>0 

These cases grvo tho values of (Ik Wihoi Schalteilioilcu mtcgiais [BP, §§ 13 4, 
Id 41J whon a<6 or u>6 


Result 15 Tumwise liitoipietatum gives the origuial ot 

/(*>)« £ / , f (A+jar+*4-l±M)(-)7r(l+A+ M r)/i ^(r+i+ft/s-i 

Since p a ~P /(p‘®) is the miugc iiuutioii ol tho relation (8), Th I leads us to 
the forth ula 

/W") V ^±^P± k ±k± m )[-z l , , M+tw* 

f r 4[,AH-A+^)ri(l+^+r)/a}H * 

valid when 0< — l + l/«</a<l, 7f(2a-f 0) > — 1 , ^">0 anil in addition 


Result 16 Starting with the relation (5 0) and usmg the expansion ol F(8), 
tho corollary to Th II fuimshos the integral 


/; 


A+i 

y 


i,Uy)K ¥ Uy) JpyJvWy - 


r(\+v+\)4- lv+l) /l+v+A,v+i, i\ 

r(i +v)p* +1+w 2 *\ 2v+i, P ) 


i>fl(A)>-l,7i(A+v)>-l. 


Result 17 Starting with the i elation 

•2pK v (\/2p e iiri )K,(V2p e~ ln ) = i 'K v (2/x), 

wlnoh can be easily deduoed from Macdonald’s intcgial [BP, §13 71] and apply- 
ing the corollary, we obtain the integral 

J !/ 1+ V A (y\/2p)if > ,(^ i, ' , )if r (ye- i, ")% = 2* A ' 3 r(-v)r(l-|-v+A)p' ,1+y+ * A) X 

XgT^iA+iv+iii, 1 + v, 4/p*)+a similar exp with — v written for v, R(X±v)> — 1 
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Theorem III // f(p) = h[u,), pP * h(pP) = $(x) and pP~ a f(p P) => 0(^), then 
1+a %x -1 ^) sc p l -*IPiftp), provided that the integral J q h(e)j£(*w) da converges 


Proop Theorem I applied to the first i elation shows that 

I^Kp-P) = **J h(*)jfcS),le = /, say (18 0) 

On comparing this with the third given u latum and using Leich’s thooiem we 
,oneludi that 1 = ijt(jcP) 

Now substitute p lor < P and <** foi s in (18 0), thus 

/>' -*» 0(p) sc ftij *(<*) jJ(p^) ill 


An application ot Th it to the second ot the gum lelatnms shows that the 
onginal of tlm right sid« ol this equation is i ~ l+a /fy(r -1 ^) 

Hence the theorem It may also be stated in th< alternative foi ill 
It h{p) = <£(<)> l IP) = <f)(p) and L a <l>( i*) = J (p), 

then provided that the integrals involved < onverge 

p *»/{p-'IP)** 

Result 18 Wc firstly appty the theorem to the telitiuii (10) in wlmli tin 
imago and oiiguial aie respectively 

’ ) + ' r ‘ ■'* • ")' 


and h(j ) = •< ~ l> ” 1 i*’i ( P+P > 

Hcneo by ti unwise intei pretation 


P+r, -I/O 


pP-*lt(i>P) = I’ (p+p,r){-yj.^P lM ' ) Hp+v, r)ri P { l+x+pip 4-r)} -*(*), 


and 


pP-tfip-P) 


rip+r) np) v r( P +r) j a +* 

P(p+,x) Zj rt (l-p,r)r(v+0 r(l+a+/S0 


r r(-p)ip+p,r)d'^+ a 

- (l+p, r)rl r{ 1 +ai+P(p+r)}(p+v, r) 


= 0 (^) 


Const quently Th III leads us tp tho relation 

NT (p+p, r)(—Y x-' i _ y r(-p) (p+P 0 P M+I u 

^ 0 (p+r, r)P r{l+a+j8(p+r) “1, r 1 (p+r, r) (l+p, r) r{ 1 +*+^(/c+0} 


+r<p)/v+o z , r(p+op ,+ 7/ , (>'+0'-t(i-^or(H-«+isor(p+p), u«oi) 

wlueli is valid by AC when 0</9^l and K(p)>0 In case /3 = 1, theie is the 
additional restriction R(p—v+p—x)< £ 

It is obvious that wo may now start with the relation (18 01) and again 
apply Th III, and the prooess may be repeated indefinitely We would thus 
obtain tho relation 
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V ^( p+/ x+r)(-)^-P-i- ' 

,4/ r(v+ M +r)r! 


0(r) T r(-|*)5 


(p+1, r)r(,x+P+r)rl 




, r(v+r){ I - M ,f)r! 1 


where G(r)sa /I {rK+a,r)}'J7 { F(6, +& r) } 


Evidently the faetoi F(p+/i+r) m the numerator and F(r +n+r) in the 
denominator of the original function of (18 02) may be absorbed* in G{r) 
without any loss of generality, giving the final simplified form 


£j-)'j-l‘-'-'0(r)/r t = r(- M ) E p^M'G(r)j( \+p, r)r< + 


+r(,t) t p'+'G(r-p)lrHl-p,r) (18) 


Using tlu Formulae of Table B, we find that this is valid when 
~l< Zp q -E<x. q =<r^l, R(a q -px,)> 0, /8 ? >0<a, 

Then in tin addition.il restriction /i[2p, + i(n— >u)+£u q —Lb q } <0 when a = I 


Pakticulau Cases If all the a’s and /J’s are unity, the relation (18) becomes 


-'--'■fc Z : Z: - 0 = 4, z X , ") 


+ r(g){«(-p)/t?(0)}tP.nn(«i-g, 6j— |A, , Fi„— p, I — p , /)), (18 1) 


whiro in — a = 0 or —I and R[<i q —ii )> 0 In case w — n — — I , tlun is t hi uddi 
tional restriction E(2p+^+J7«^— 276, )<0 

(l) Taking m — 2, n = 3, a t — "i + J, /; t = 2«j = 1 d-^i+r, /i 2 = 1 +p and 
dig = 1 +v and using F(ll) ue get the imago of iWJI/J t) 

(n) Taking m = 1 = itj and a = 2, and using F(2, 3) the original may be 
expressed as a Lomell’s or as a Struve’s function 

(in) Taking m ™ 0, x «= 1 and d> x = A+l and using F( I ) we have 

x»-r- l J x (2IJjc)^\r(-p)ir(l+\)}p l+lt 0 F t (l+p, l+A,p) 

+ { ■TM/r(A—/i+ 1 ) } P oFrfl —ft, 1— **+A, p) 


It a ill be notioed that by applying Tnoomi’s theorem to this relation and 
interpreting term by term we are led to Hanumant Rro’h integral (B F , p 437 ) 

(iv) The speoial cases of (18 I) when m = 1 = » have already been worked out 
in Result 10 


* Thu purpose u served by supposing p • » so that the two gammas cancel out The 
filial relation (18) could also be obtained by proceeding with the original aA a -V* and 

its image instead of (10) 
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(v) Taking 2, »— 1, tho function i F 1 of the original may be made 
susceptible to the formulae F(17) to F(22) For instance, on taking « 2 = 

= p+p=*fii and using F(17) wo have 2 

+4r<— p)(ip)J* +1 g F 2 (p+ M) p+p+J, 2p+2p, 1+p, p) 

(vi) Lastly on taking ,i = 0, in = 1 wo obtain the relation (1 4) (i) 


Result 19. Adopting exactly the s 
with (10) we have 


ne procedure with the relation (11) a 


l(-)%)/iUH^> = i{(-)7H} [r(-2p-2r)G{r)p^^ 

+ ir(p-imir-p)p'+i}, (19) 

wheio 0(r) is as defined in (18 02), tin conditions ot validity being the same as 
those of (18) 


Particular Cases (i) When all the a’s and /9N aio umty, this gives the 
image of the function 

i. , , — I/u*) 

lium wluoh tho image ot 

<V a (l/r)^(l/i) 

may be deduced by a us< ot F(ll) and that of 

.Ad/-**) 

by a use of F(5) In the latter case it we turtliei Mipposo that k = A+ i [oi 
simply that in = 0 = n in the mam lelation (19)] and use F( 10), we get 

.-1-4* exp( — 1/» 2 ) = 2«4i(^/>).4(* cosec 2p W {J.p.j(P)(osp W 

t(P) sin pn—Jp-i p(P)}» 

where P 3(iP)4“* 


(u) Taking 

X™ ^ 

(l +a ,*/*+P+f “ 


= l, n = 0 and using F(lfl), the lelation (19) 


r( P +mn) h 


p+{> 


■*) 


2r(p+p+D rlF2 (i,! 

r(p+i)r(p-» ( 

“ 2 r( P +p+i) p 1 ‘Uw. *r 


gives 


f(— 2p)p l+ill iF t (p+p+i, p+J, p+1 , -Jp 2 ) 

When p = 0, this reduces by F(3, 4) to the relation 

(l +x 2)-g-j * J„r(i-p) (iP) 1+(i {^-p(p)-P-M(P)}. 
which was given in the speoial case p = 0 by Maohlaihlan 9 


(19 l' 
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Result 20. The iclation (12) gives like (10) or (11), the relation 

2 v Tl^ b " 2 T r in-lr-lp)G(r)pi*t™+mp-*m2r-p)y< m 


Parhoular Cases (i) Taking /« =* 0 = n, we get 
t - 1 -*' 4 expf-l/VO = 2«twec^w(pw)V 2 (2jp)-» 4 »<*{y_ w 

— ios (i/iir) «/ lf i (7')+ Hill ./j + jn j (/')} . I * * 3({ i*) 4 


(HV*)' 


(u) Taking m = 1, h — 0 anil uning F(10) we get 


' AW 


sA(,i+i, ,1+1 , }, i-p > -i»+r(p-l)(l+2 M )^-V’*(p + I.P+^ 1.2-P.-P) 


Other Cihks of Relations (IS)— (20) There arc some interesting cases when 
the original tan be expressed in terms oi functions which are not expressible by a 
single hyjiergoomotrui function For instance, by takmg n — 0, m — 1 ami a j = J, 
the originals may be expressed by F(7) m torms of the parabolic cylinder function, 
or again, by takmg m — 1 = n and a q = a ? = /J, = the originals may be expi eased 
by means of F(l , .1) in teinis of the function I r (z)—L t (z) Furthermore by making 
suitable combinations of the onginal we may obtain the operational images of a 
variety of othei functions like the W k m aftd product functions J v A „ and I„h 


Tlieorem IV. The funclioni J(t), h(x) and <(>(<) being continuous tn c >0, if 
}(p) = A(u) and p'~ x ^ A(p' 1 ) = thm 

= | Q^pW <H*) d ,, (210) 


when 0^(x) ti represented by the series 


^ 2 L rr /v ' +A) or 2 


{-rr{(r+x)/p} 

r 1 


A A) 


according an p < I or >1 or =# 1, provided that U( A)>U aw/ integral (21 0) con- 
verges In case </>(j ) changes sign m -t >0, the integral 


<H±) dx 


ulso must converge 
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Proof Fiom the two given operational relations, we have 

fiP) = P j "'’- p *h(x)dx, (i) .mil p'-A+n /,(yM) J (11) 

Hence 

f(P)=P J '"'V ,+A /'‘e/r J ds 

= p J ^(i)r/s J* f " ,+ A/p exp ( — pi — n*^)djr 

on changing the ord< r of ml (grid ion vhieh is justified by ele La Valin Poussin's 
theorem* For if is of tin same sign in I ^ 0 then the s-integril converges by 
virtue of the integral (11) anil the j integral converges if ff(A )>0 and the repcate<d 
integral exists bv tin' Inst condition Howtver, ife^(e) ehiuiges sign m 1 ^ li then 
the ohangei in the eirele r of 1 lit 1 grdion is justifies! since the 11 

J *(!),/, 

converges nnel consiquentlv the s integral and the t integral eomirge* iiniformh 
being multiplied by e xp (—nr 1 '' 4 ) and tr** (Copson p 115] 

The theorem non feillenes at once on e xpanding in ases'iiding po\e e rs of 1 the 
factor e p* when /t< 1 and the facte>rexp( — when p>l ind integrating term 
In te>rin by means of the formula 

J P-V*" 1 e/i «(p)>0,ff>0 (2101) 

The term-by term integration e*ffecte>d above is e easily justified 
Te> settle' the conve*rgonee problem wc observe that as 

r-> 0 , (]*(*) = 0 ( 1 ) and as r-> x>, O^(r) = 0 {%- x !i‘) 

Tt mav be* of interest to note that the eonfemr integral of Baines’s type for this 
function 0 £(i) is 

-g£j J r(-«)r(gs+ A):’ ds, 

where A/p is not a negative mte'gor and j aig * | J(p+ 1 )»— «• t >0 This shows 
the interconnection be twex 11 the twe> scries represe ntmg the 1 function In teae t the 
asymptotic expansion for large value s of the argiinu nt eif erne senes is given b\ the 
either 

The function 0 ^( e) reduces to a panbolic e ylinder function when p = [ or 2 , 
wo actually have 

0‘(r) • 2~*r('2\)D , Ofa) » 2r(A) <2.r)-‘ A fV**D A (1/V-M 
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Result 21. Take the relation (9) as f(p) = h(x) and obtain the original of 
pi-^A(pP) by termwise intupretation , Th IV and Lerth’s theorem then lead us 
to the integral 

j ] (-yr \# v +i +\+pir)}r{ (r+«)//3l 

J o r , + a. ( )» + i)/P rfj ~ nr{ j(p + l-A-pr)}^+ a ^ 

valid when p>0, p £ 1 - 1//9, R(A+r)>-I, A(A-pot)<i 


Result 22 Starting with (1) and using F(5, 6) to expand f(p) for termwise 
interpretation, the theon in gives the integral 


f/^2 


(-) r r B (r+fc+jd;m) 

Hr(l+A+pr) 




_ V tz! £^h) 

~ # 4 r| 


r(-2m-r)x 


jT(|+wi+A+r) -f- a similar ( xpit ssion witli —m written foi m, 


where ss «— A— 1 +/4i+wi+Jfc+r) The formula is vabd if p£f), 1<!^3, 
R(A)> — 1 and R{p(k+ \ — | m [)— A+a} >1 There is the additional rendition 
R(1M— {A— a)< | in case p — 3 

We may similarly use the relation (2) instead of (1 ) 


Corollary Taking p = 1 in Th IV, wo have If 
f(p) = h( r) and p i ~ X h(p) = </>( r), 
then provided that the integral converge a 

HP) = F(\)p j* (p+ r)~ A <j>U ) di 


Result 23 


then 

and 


Ramanujan 12 has shown tliat il 

«%) = j* y* dr /ro +1), 

J e~'* J(y) dy = \/i log «, «>1 
J{y) = e/-j e •» dr /a-{.ir*+(log x) 2 } 


The former integral shows on using the relation e* = p({p— 1), P> I, that 
h(x) m e’-J(r) = - jJ_ « f(p), p>I , 

and the latter shows that 

ph(p ) ■ p[e? —J(p)} = l/r{w*+(log a-) 2 } m <f,(r) 

Hence by the corollary to Th IV and A C , we have 

r (h i_ i 

J 0 r(p+r){ff 2 +(loga:) 2 } p - 1 p log p P >0 ’ 

wherein the right side is, by the theory of limits, to he replaced by J when p = 1 
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F(l) 

F( 2 ) 

F( 3 ) 

F( 4 ) 

F( 4 «) 

F( 5 ) 

F< 8 ) 

F( 7 ) 

K(8) 

F( 0 ) 

F( 10 ) 

F(ll) 

F(ll«) 


Table A of Formulae 


J M = r(J+T) 

JW 


/,<*> - 




“ r(p+l) 0 ' 

A'„ (2) = coueo vn| / y (z) — /„(?)! 

“ IA-fK!*)',!', (1+ V) !*•) + 1 /»(£*)-•' 0 Fj(j — v , i*2) 
UM " 1 ^* (• . *, v+3 , -i* 2 ) , £„(*) = ij5r r( «) 

F k (2) "• •I v (z) col vtt — J „(z) post* 0 v»r 

<V(2) = V“iF,(I . j + i(M±p), -i* 8 ) 

W* w (2) = jF, A+w-* .A a j»n f i .p./i+w+A , _ \ 

\ l + 2 w , / \ 1 + 2 w , / 




F t .W 


y r ,[+, 7-11 v i -<*> 




= V ( - 2 g)'T( 4 r-j y ) > y s 


e± * M*> - J$fij i*>+i , 2F + 1 , ±2z) 


(-)- = 


m«) <c 
+»+o Z 


r(i 


(-»)* 

(»— r)l r! r(l+ V +r) 


" <w~ /WrwT,« i ’*('” +l ” + ' • ~ » 

«"* ( ^Ua-. +X ’ ' —) - 

= /» rt A) (*zr A ~^ 8 ^.,(2) J a _,(2) 

2 v /„(*) A'„ (2 ) = iF 2 (J , 1 +v, 1 -•>, z*) 

. r(l-p) (jz)* 1 ' 1 +p, f \ 

ra+v) lJ *v+p, i+2p, “ ) 
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F(12) 0 F,H+y. l+v. I +2v , -**«) « 0 F, (I+2p, -**) Xofj (l+2v , a*) 

= {r(l+2^} 2 *' 4, ’^(2*) /*,(2a) *V~ 

F(13) 2r(v)ni-p)I- y {z)J r (z) - f r(4v-4r)(-^*r/r' Aiv+JH-l) 

1-P -i3**)+ rrr^^O- ! ± i'. - <q s ‘) 

F(13u) I t (z)~L v (z) — £ (_)•($*)' f 7r< lr+l+r).T(Jr+ ! ) 

F(I4) iF x (a p — >) X i-F^a, p i) = *F s (a p — a, p. ip, ip + J, J' 2 ) 

F(lf>) iFj(a, p 0x/,(«-/>+l,2-p -») 

= 2^8^a— iP+i* ip— a+£, J. Jp+J ? — ip. 5 ) 
-{(2a-p)(l-p)/p(2-p)|r g F,(«-Jp+l £*>-a + l. j ]p + l,2-ip Jr*) 

= i<p-l) i’ na-lp+H-V^^-J-lrM-O’/^a-iP+i-Wip+i+i^r! 
F(lfl) ,F.(n. -r)-(H-r)- 
F(i7) s F t a+,i, i+,i,i+2 /t , 

F(18) tFifa J+/i, 1+LV. -»)- {23 --'(v / Th-1)}" , ‘ 

F(lft) ^(i-a.-a, *, -r«) = (1 + r*)“ eon (2a tan - '*-) 

F(2ft) 2^(1 -a, J-a , \ , -r*) = {(1 +r*) a /2ar} mn (2« tan'V) 

F(21) 2 F 1 (J+a, J-a. 1, -a- 2 ) = (l+r*)-‘po«h {2a«mh- , a:} 

F(22) 2 F,(l+a. l-«, -r*) = (2ar\/l+r*) _1 ninh {2a sinh'M 

F(23) 2 F,(a, p , a— /3+1 , -1) = 7 w r(a-/3+l)/2“r(i + la)r(la-/J+l) 
F(24) (-» r) = (_)-r(«+l)/r(»+l-r) 

F(2«) Ha+m) = » J» , r) , r) > ') 
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Asymptotic Behaviours 18 ot 

A £ Aft. +<*.»•)( -*)' 

P S,(z)=y -AJ_ aiM , j* l(s) . V _S~ g Y . 

f-0 II r(\„+n„r)'ri £f 0 rl AA+/*») 

where «’n and p’s are real and pos.tive and A s, /S’s .we unrestm ted 
Notation C =» arg z, i} = arg (-2), so that — * < { ^ Wl - n<v ^ 

x k = 1 +£p» -Za» >0. 

^ 2 + p) , 8, « nu small positive nnmlx is, 

Z = *(fc | « |)‘/* e Z, = | Z | p'K t»)/* f z t = j Z | #.'<* ">/* 


: 2 ’ ,i„ i ’-+o(< 


<1/ being a +vt integei 


J M » 2^ 2 ('^»)/«n+0( V -«t* ) ,1/, being s 


Formulae 

B(l) 0<1-1 =p<l, | C| Jjj ,(i) ~ /(Z,) + I(Z 2 1 

\vhi< h is i \poneiitially small if | £ |< J w (2— k) 

A-) I »? | <^-rr — «, «>0, ( 2 ) ~ I(Z), wliuh is i \poin ntiallv Inrgi it 

|ij|<llllll (7 r \vk 

11(3) &>0, min (k, 2)—* p S q (z)~f(Z) 

R(4) *>2,|{| £ ' w „iS',(2)~/(Zj)+/(Z 2 ) 

B(5) k=l, |£|^w p .S’,( 2 )^y(Z,)+/(Z 2 )+J( 2 ) 

B(6) 0<i<2, |C|^Jw(2-*)-« ,,A< f (*)~J(?) 

B(7) (Kki Inl^ mill (*, and I t|^w v S 4 (z)~[{Z)+J(z) 

In paitieular, 

w> £„*(=)"] 

B(0) . p „pJ P" , -ft- 

\«i. “g. >ap, / £, 
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A TIME-HYSTERE8I8 IN THE CONDUCTIVITY OF BROMINE VAPOUR 
UNDER SILENT ELECTRIC DISCHARGE 
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Benares Hindu University 

(Communicated b\ Piof S S .Train, I) So , F R I C , F N T ) 

(Received July 17, rend August 1, J9f7 ) 


The non-identity oi the characteristic curves tor the rising and falling applied 
potential V indicative of hysteresis, is attributed primarily to changes in the gas 
phase produced bv a self-maintained disc haige, b\ the pro existing electrical fields 
A like phenomenon m icspoit of the time of elisehaigc was observed ini dentally 
during work On the Joilu-vSvi t, viz a photo- variation ol the conductivity i in 
halogens and other gases under electrical discharge (Joshi, 1 943) In bromine vapour, 
this has rove*alod a marked dependence* oil I of the ‘aging of i undei the discharge 
and on its dist ontinuation its piogressive recovery The results have suggested an 
additional fae.toi, viz a leveisihlc e onditioning of the surface excited undei the 
applied fu Ids 


Experiment ci, 

The experimental ai i angement and the electrical circuit used were essentialh 
th? same as desi ribed elsewhere (Deshinukh, 1947) The ebse barge was produced in 
the annular space of a Siemens typo (glass) ozomser filled with bromine vapom 
purified by frae tiemation over liepnd air The ozomser was sun ouruied b\ a large si/e 
glass jacket with a water circulating arrangement (fig l) to leeluce anv tcmperatiuc* 
fluctuations during a given series of observations 

Single phase alternating current of 50 cycles frequency was obtained fiom a 
rotary converter worked off 220 volt D (' mains The potential was stepped up be 
a HT transform?) A moderately concentrated salt solution tilled in the inner 
tube and the batli surrounding the outer tube represented the two terminals of the 
o7omsor (fig 1) The high tension terminal, l e the inner elee*trode was connected 
to one of the secondanes of the transformer through a 20,000 ohm Dubilier t\ pe 
stabilising resistance (fag 1) The potential applied to the ozoniBor V, expressed 
in kilo-volts (r m s ) kV, was calculated from a knowledge of the primary potential 
and the transformeu ratio The discharge current x was measured by a double 
wave, oxide rectifier type, Cambridge AC micioammeter (pA in fig 1) ’ntroduced 
in the low tension part of the ozoiueer circuit 

Bromine vapour excited in the range 5-9 kV (50 cycles) at 30°C showed the 
occurrence of ‘aging’, l e a time variation of t at a constant applied V The secon- 
dary potential was switched off when » reached a constant minimum stage duo to 
‘aging’ and remained unaltered for an appreciably long time The system was 
then allowed to stand over for different intervals of rest period The discharge was 
again switched on at the end of a given rest-period and the time-variation of » at the 
(previous) constant V was observed These results for one typical senes of the 
‘aging’ , and also for the influence of rest period in restoring t, at the original 1 , to 
its pre- ‘aging’ value are shown m fig 2 
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TIME- HYSTERESIS OF CONDCWTIVITY 
IN BROMINE UNDER SILENT DISCHARGE 
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Discussion ok Results 


The conductivity t in an oiomsoi type vessel, excited at a potential V, is given 
by the following general equation duo to .loshi (1947) 


- V j^ J+ ^ + 


r+jC'E, 


w 


wheio Ef represents the frequencies developed undei the diachaigc, including those 
of the supply and its harmonies, < and C K aie the capacities associated with the 
combined annular walls and the excited gas respectively, the circuital inductance 
L is constant It follows from (l) that the docrcase of i, sue h as shown by c urves 
in fig 2, may be attributed (a) to a rise of R t , a hctitious resistance in parallel with 
C s , \jR t represents the ionisation cunent produced m the gas under fields due to 
V It depends primarily on the average velocity and the numbei per unit volume 
of the ions Changes in eitliei or/and both these quantities should be sensibly 
instantaneous, if the reaction h tiding to the, observed ‘aging’ effect in bromine is 
restricted to the vapoui phase Alternatively , the decrease of i can originate fiom 
a decrease of C m This might come about due to adsoiption of the gas excited by 
the discharge As this is not an instantaneous process the gradual doe rease ot » 
as observed is explicable, if the assumption is made that Ej does not alter due to 
aging’ Joshi (1946) has postulated the fotmation ot an activated udsoiption layer 
(s)’ formed, in part, trom a wall adsorption of the ions and mole e ules from the- gas 
phase , anel that this layer might be a chief seat of the' pc nodic vai lation of » in X s O-- 
H a reaction (Joshi & l>«hmukh, 1945) and the newly discovered foshi effect Ac an 
instantaneous and re veisible photo variation oft (rut f infra) It is now suggested 
that the time variation of t at c onstant V, constituting the ‘aging c ffc < t in bromine 
vapoui (fig 2), and like systems, may also be associated with the bchavioui of this 
boundary layer 

The disappearance of a gas undo the elisihaige due to adsoiption by the walls 
has been observed by numerous woikcts I’ltickcr, \ ognrd (I91t>), and Hippel 
(192d) established it during exhaustive c xpciiments on ,athode> sputtc mig The ie is 
also evidence to show that the adsoiption ol the gas is pionounced with me tals that 
sputter most copiously That adsorption, however, is not restiic ted to conditions 
favouring metallic sputtering is shown by Hill (1912) from the results obtained 
under the ring electrodeless discharge through air in glass bulbs He attnbuted the 
adsorption produced under the above conditions to the formation of the oxide of 
tho metal in the glass Mey found that all gases otliei than the inert gases 
combine readily with the cathode coated with an alkali metal Willows (1901) 
advanced evidence to show that the metal in the glass was chiefly lesponsiblc for 
the disappearance of the gas under discharge, and that the rate of diminution of 
pressure due to absorption depended on the kind of glass, being, t g greater for soda 
than tor lead or Jena glass The ‘clean-up’ ot iodine vapour after long continued 
sparking between platinum elec ti odes has been attributed by Luedeking (1«90), in 
| wirt, to the formation ol alkali iodides or/and lodates as a result ol tho interaction 
betwoen the vapour and the glass wall ot the discharge tube Kellner (1902) 
observed the formation of a sulphur yellow deposit on the containei (glass) w alls, when 
bromine vapour was exposed to an electnc discliaige m ozone tubes No formation 
of such a deposit was, however, observed by the auf hois during these experiments 

It is suggested by Joshi (194b) that the formation undei fields intense enough to 
sustain ionisation by collision, of the ‘activated ionic -(-molecular adsorption layer’ 
leads (or is tantamount) to a dielectric strain in the system , it tends to revert to the 
normal state on the discontinuation of tho discharge, due piesumably, to a desorp- 
tion of the bromine vapour Like its formation, the break-up (on the discontinuation 
of the discharge) may well bo a time-reaction This is illustrated by the general 
result (fig 2), that if the discharge is discontinued alter ♦ has reached tho constant 
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minimum in tlie stationary stage due to ‘aging’, and is restarted at the original 
applied potential 1 after different durations for the rgst period, <jhe discharge current 
is restored partially or fully, depending on its magnitude Thus W at 8 kV applied 
to the o/omser, t decreases due to ‘aging’ from the initial 83 to 51 pA, l o by about 
40% of the ongmal current, the rest period necessary for its complete restoration is 
about 180 minutes (fig 2) At lower applied potentials, eg 7 5 and 6 9 kV, the 



deorease m the current » observed after ‘aging’ is about 22% of its initial value 
From the standpoint of the adsorption layer mechanism, it is significant that 
excitation at lower potentials entails a smaller reet-penod, necessary for the complete 
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restoration of the original conductivity , thus e g , at 7 6 and 6 9 kV this rest period is 
about 30 minutes During this, the restoration of » is, however, only 20 per cent, 
when the original exciting potential is higher, viz 8 kV Over the entire range of 
the applied potentials mentioned above, tho constant minimum value of i produced 
after ‘aging’ remained unaltered whin the rest period was leduted to f> minutes 

(fig 2) 

Detailed experiments and long exposures showed that tho ‘aging’ effect was 
not observed at/below 6 4 k\ (fig 2), this suggests that Joshi s general finding 
that a discharge reaction ouurH onl\ above its ( haractenstn tlueshold potential’ 
V m , is applicable to the wall, gas type i eaction, significant foi t lie aging ’ mechanism 
Furthermore, the results in hg 2 show that tho ( urront decrease duo to aging’ is 
much faster at 8 kV than at lowei applied potentials, this is also explicable on 
Joshi’s general finding that tho velocity of a discharge inaction at a given applied 
potential V depends on V — V,„ (Joshi, 1929, 1939, 1945, 194b) 

Earlier results in these Laboratories in the cose of the chloimo g is have shown 
that with a freshly prepared ozomser, the magnitude of tho net Joshi effect Ai 
increases after ‘ aging ’ (Deo, 1946) It is, however, intei osting that t he variation in A i 
and the relative efifeot % A» with the time of exposure to disthuigo decreases with the 
increase in the duration of ‘aging ’ Thus e g , At and % At m chlorine alter 10 horns 
of exposure to discharge were about 8 and 10 respectively , both these quantities 
decreased further by about 90% when the ‘aging’ was prolonged to 160 hours 
It may also be mentioned that in the present investigation, prior to aging’, At in 
bromine vapour was markedly high, it beiame negligibly small after aging tor 
about 60 minutes despite intense intubation and vaued applied potentials Thus 
e g , at b 9 kV, before aging’, the discharge curiont in daik and undei light, t o and 
it, was 93 and 85 pA respectively , the corresponding At and %At win 8 and 0 
respectively After bO minutes exposure to discharge, id decieased from the initial 
93 to 81 5 pA , and on irradiating the system at this stage it was 70 pA, tin i oin 
spending A* and %A» being 2 and 3 respectively Tin diminution to a < onstant 
minimum in tho final stage (fig 2) ol t and tlicrefoie, ol < ' M in equation (i) denotes 
the attainment of a stationary equilibnum condition A piolongcd ‘aging beyond 
this stage, enhances the stability of the boundaiy layer tins should i educe the 
corresponding At as observed, since it is determined by the activatid iharactei oi 
the boundary layer, associated with instability Using (icisski, Crookts and like 
type discharge tubes, Joshi (1945) found that the effect At is uthu not detected oi 
(compared with glass tubes) short liveu, if both tin electrodes <uc metallic It is, 
therefore, suggested that the behaviour of tho above adsorption layei of bi online (res- 
ponsible for both At and tho ‘aging’ effect) should be moic mctaOu than that of 
chlorine The comparatively much greater diminution ot At with hiominc vapour 
due to long 'aging ’ is, therefore, to be anticipated This deduction is in accord with 
like results under silent discharge excitation in tho iaso ol iodine, and mercury 
vapour now being studied in these Laboratories 

Our grateful thanks are due to Professoi 8 8 Joshi, D 8c (London), FRIO, 
F N I , for suggesting the problem, advice and kind guidance during the work 
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ON A TREATMENT OF IMPERFECT CAS AFTER FERMI’S MODEL (II). 
By M Dotta 

(Com m unit lilt'd by Plot N II Sen, D Si , Ph D , F N I ) 

(Read August /, 1947 ) 


Abstract 

111 thin paper, n atutiatn nl tin ory of imperfect gtis Iuih b< fit dovlopi il by appliiuliou ot 11 
prmcupln analogous to 1 ’null’s Ex< Iiihioii I’rnu iplo and ot tho nv thod ofFcnni Tho iqnition 
of slate, giv mg Van d< r Waal’s equation up to tir-t approximation, has L>p< 11 obtained by taking 
count tht cohesion mid tlio flmti size of mob i ult m simultmu oualy and by dividing tho 
i ‘o diff' imit potential layi re nnd <«lls ot voliunt b equal to tho flmti extension 


phyan al spacn into diff unit potential layi re nnd (oils o 
of inoloi ulo, as is dono in tin dim ussion of Fi mu Dirac I 


Intkohuotion 

In a previous pape l (Dutta, 1947), the equation ot state toi an uiipertev t 
guw has been very annply deduced ill two st< pa 111 the first step, the effect of the 
finite dimension of mold ulcs lias been tabulated by a method similar to that of 
Fertni in Fermi-Dirai Statistn s, by tho mtroduc tion ot a prm< lph quite analogous 
to Pauli’s Principle ot Em lumen In the second step, tho collection tor cohesive 
torces has been introduced by an liuicnse m the effective volume of the assembly 

In considering tho effect for finite dimension of molecule-, m that paper, the 
physical space, instead ol tho phase space, has been divided into colls ot dimensions 
b, tht volume of exclusion of each ol tho molecules, and then, the effect of this 
exclusion in physical volume due to finite dimensions ot rigid molecules has been 
taken as a new print iplc ol' c v elusion, quite simdar to that of Pauli -Ft run in tht 
discussion ot Formi-Dirac Statistics The principle has been toxmulated (bus No 
cell ot the physical space t an bo oci upied by more than one molecule at the same 
instant’ 

In the piescnt papei, it is iouiul that, if the method ot Fciun is followed more 
' losely, then tho effect ot finite dimension ot molecules and that ot cohesion 
amongst the molecules can be considered m a very simple way in a smgle stop 
For this, over and above the division of the physical space into cells of small 
volumes b, the physical space is to be divided mto potential energy layers, just as 
the phase space is divided into uurgy layers in the deduction of the Feiim-Dirac 
Statistics Then, as m the previous paper, the distubutions in the physical space 
and in the momenta space have been considered separately The thermodynamic 
probability for the distribution m the physical space has lieen calculated after 
Feimi, and that tor tho momenta space in the usual classical way , the product of 
those two gives tho total thermodynamic probability 


Description of the Assembly 

The assembly undei consideration consists of N non dissoc latmg and non- 
associating molecules, each commanding an equal rigid volume of exclusion ot 
magnitude b The assembly is enclosed within an enclosure of volume V 

The effect of cohesion between molecules manifests itself as the formation oi 
a very thin surface layer of potential energy slightly greater than that, of the 
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interior So, m c onsidering the distribution in the physical space, the physical 
space will be at first divided into two layers, the interior is of volume Vi and of 
potential energy the surface layer is of volume F a and Tjf^otential energy 
w t , where tvg<w x and according to usual assumptions 1 2 < < 1 \ 

After this, the layers will lie divided uito cells of volume b as usual It is also 
assumed that b <<Vi, 1 t 

Let JVj, Ng be numbers of molecules in the interior and m the suiface layer 
respectively at an instant Let «, represent number of moleculos with kinetic 
energy «. 

( ALOCLATION8 

Then, the thermodynamic prohabihty, calculated ui the usual way, becomes 

- [(t) '/{"* 1 (t -*■) 1 )] X [(t) '>■ ' (V -'•) ■ 1 1] 

X[cV !/17o,l] (1) 

To get entropy, this is to be maximised subject to tho following lestrictions 

2v.+-'Wi+-'V*-,-iC 
A i+A* = A 

whoro E, A, Vi, I 2 aie constants 
Now, 

log W = (V) (V)~ iXl l0 « A, ~(t ~ A ‘) 1o “ (V “‘ Vi ) 

+ (t) lug (V)“ A# Jog - '■) ,og (t " a *) 

+y log icg d t 


The \aiiation of this after use of undetennuii d multipliers gives, 



u t = 

-fe- 1 1 

m 


(2a) 

-i - «■«»., ] 

or 

xV, = ^i 1 , 

h e'+^ + I 

(8) 


Y. _ V* 1 

6 6 ^., +l 

(4) 


3* 
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Now, in gasee, 






Tina is the woll known Boltzmann Law for gases 
Now, 


N t = N 


V x e-^'+V^tr* 

JV* 


Ki «-»•*> + F, 

p? < < 1 , so, up to 1 st approximation 

{ r = e 

| + L* e -M(u>j-«r,l \ Y 1 


whei o 
Now, a 


W am w 2 — «>1 >0 

shown in the (Dutta, 1047), 


- ///•' 


Jp jWp. 

h*/l> 


“ “ {(V) ( f)-‘ v (' - k e ") '■* [ v ( l_ T7‘"‘)l 


-It 

+N log N+NX+pE’ 


{t‘-* ft*-} 

'—Npwi—N t ii,w J 


(5) 

(«) 
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Now, by well-known therm odynanno relation, 

1 f dS \ l 1 

r = \Sii)r,r='‘ k ’ 


On the substitution and the simplification, this gives 



Now, if IV V, Nb/V, iti , ate tieateil as small quantities of 1st ordi r, and the 
small quantities nfhighu ordei nri n< glei tod, thill, this boiomts 




As 


p =. xw [ |?+ ! p+ 1 -pi- p (Iv) f } 


J_/0w\ 

W \dV) 1 kT\dV, 


« NkT MkT 
V*~ V-iNb~ V-l S’ 


. ( 10 ) 
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where fi = \Nb, one! so of usual interpretation, and 

v (He) vt ( a ^\ 1 

kT \dV/i kT\dv)r\ 

= f(T, F, N) * (11) 

as it is the ease for impel feet gas m general 

To nr it with Van der Waai’s Equation of State 

Now, to show the agreement, of the above equation with Van der Waal’s 
Equation, only « is to he shown to lio independent of 7’, V and is pioportional to A 7 * 
As usual, it will he assumed that, 

w = t/ij-w = p ^e 2 e“”- Cl +y jcje' ^-Ci^l-e"*^ JJ 

where cj, c a are independent of T, V. N and depend only on the nature of mole 
r ular attraction and mass of molecules 

= - ~g (T y V, N) 

where g{T, V, N ) is a function, finite and with non-zero constant term in 
Taylor’s expansion 

« = mr[(”, + )v\($) r ^\ + ±* N g (T V, .VI 

-jv«[(c,, w+«,)(i-jtj, 7. + )('rr)r~'’ , !' + (jr ) 

y (sT ? ) f ] ("***■* V’) 

™ c,) 7+7,1 + jyi A (7'p V, 

= JV*[cj+a (Cg-Ci)] 



168 M DUTTA ON A TREATMENT OF IMPERFECT GAS AFTER FERMl’8 MODEL (il) 


when the 2nd term is neglected as small quantity of higher order, and V t be 
assumed to be equal to a V 

Then, it is found that with those simpbfying conditions, the equation of 
state, obtained here, reduces to that of Van dor Waal, if a is independent of 
T, V, N up to 1st approximation 

The equation of state obtained here also reduces to that of Van der 
Waal, even if V t is taken to be r/jT* from consideration of dimension Then, 

GW,-'-'-*- 

y 

therefore neglecting quantities of order -p , a = V*Cj 


Conclusion 

Here, it is found that the method of Fermi (as used in deduction of Fermi 
Statistics) is not only suitable lor considei ing effeot ot volume, but also, i an 
be veiy simply extended to the eases where there is certain field of foroe as 
that of cohesion It is also expected that this method can also be conveniently 
used in the ease of a field of whioh the gtadient is small 

It is also to be noted that, up to the approximation retained here, the identical 
results are obtauied for thi t lu rmodynamn t unctions, and, foi the distributions m 
physical or momenta space tvm if the total thermod\ naim< probabibty iscaUulatod 
as the product of the thermodynamic probabilities for the mteiior, and foi the 
surface la\er considered separateh According to this idea the thermodynamic 
probability is 



where b t is number of molecules with kinetic eneigy e t and m the interior, 
and, c m is that with kinetic energy ij M and in the surface layei , and the restricting 
equations arc 

2 bt = A,, Zc m r= A' 2 2b t +2r„ = N 
2r6t(e 1 +WjH-ZV’ m (')j m +«ij) = E 
where N, E, V it V s are constants 

All expressions for N t , N t , b,, c m , W, P are same as obtained here 

This is not quite unexpected The difference of the present idea with that 
put forward in this papor may be looked upon as mtroduc tion of the hypothetical 
partition wall in tho homogeneous thermodynamic system dividing volumes Vi and 
V 2 and so there can be no deviation 

The author takes this opportunity to express his gratitude and thanks to Dr 
8 C Kar and Prof N R Sen for helpful discussions and keen interest taken in 
this paper 
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Abstract 

The carbon nrc oathodo layor method bos been applied to the determination of gallium 
in nine different samples of Indian bauxite by means of tlie Hilgor El Quartz Spectrograph 
Details of a suitable arc stand designed for very minute arc regulation and efficient operation 
of the cathode layer method, of Twymun Simeon lens arrangement and of other necessary 
equipments are described A consistent operating technique is adopted in the preparation of 
standard comparison spe< tra of gallium in the range o f 05% to 0001 % and of the sample spectra 
The blackness of the Ga line 2943 7A with proper background < orrection for each spectrum 
plate is obtained with a photo dec trie non recording microphotometer A calibration curve 
is drawn relating the corroded blackening values and c oncontrations of gallium obtained from 

♦ ho standard plates Percentages of gallium in the bauxite samples are estimated by inter 
polating the lorrectod blackening values of the Ga line in the sample spectra on the calibration 
i tirve That the method gives reproducible data is proved by the fact that duplicate spei tia 
of the same standard mixture and also of the same sample are almost ldonticol 

Introduction 

Lecoq do Boisbandran discovered gallium spoctrograplueally Ultimate lines 
of gallium, according to Gramont were situated in the violet, 4033 01 A and 4172 OsA 
Bertrand (1941) found that because of the presence of a continuous background 
in the violet, these ultimate lines were not visible So these linos could not be 
utilised m the case of puro metallic gallium According to Bardot (1926) the ultra- 

* lolet lines 2874 2A (coincident with an iron line) and 2943 7A jiermitted to recognise 
one by one hundred thousand of gallium in aluminium 

Goldschmidt and Peters (1931) determined somi-quantitatively the gallium 
ontent in difforont aluminium contaming locks and minerals with the carbon arc 
cathode layor method of Mannkopff and Peters (1931) The comparison substance 
was made of a mixture of quartz with different quantities of Ga t 0g and also of a 
mixture of Ga-frco aluminium oxide with known quantities of gallium oxide 'I he 
contents were given as percentage Ga x O s and each result had a wide la lge of value, 
as 9 001—0 01%, nearer to the first figure and was designated as 10- »— (10-*) per 
cent They also found that the sensitivity of the Ga lmo was not influenced by the 
presence of alkali metals (in amounts usually present in roc ks and minerals) foi 
which several artificial alkali aluminium silicates were jti spared bv adding do 
creasing amounts of GajOg 

Detailed developments and applications of the cathode layer spectrum analysis 
method developed by Mannkopff and Peters woio desciibed by Strock (1936) Lines 
of the elements which showed the ‘Glimmschuht’ effect were wedge shaped with 
maximum intensity near the base and the intensity ratio of two lines in the cathode 
layer was more t onstant than in the central arc gas column 

In the present investigation as tho internal standard hne of suitable excitation 
characteristic was not available near the Ga-lme 2043 7A, the authoi also followed 
the ‘ Comparison Standard Method ’ 
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Experimental 

(a) Equipment necessary for the carbon arc cathode layer method 

The dispersion of the Hilger quart? spectrograph (El) was such that the charuc 
tonstn groups of Fo linos 3099 97 A, 31(H) 3oA, 31(H) <*7 A and 3021 07A, 3020 tuA 
wore quite distinc tly resolved 

For the efficient opeiation of tlio cathode lajor method, Gramont’s umvctsal 
an stand was found inconvenient Quill and Kolwood (1929) designed an electrode 
holder for ouhnaiy aic spectrum analysis, which was mon efficient than the 
(Jramont’s arc stand An improved aic stand was designiMl which permitted ni- 
stantani'ous control of the aic position, easy and very muiuto arc legulntions and 
rapid change of electrodes from the holdeis Details of the construction are shown 
in Figure 1 



The two systems of holders could be used conveniently one after the other 
simply by rotating the arrangement through a half cycle without actually changing 
the hot electrodes The arc stand permitted separate regulation of the cathode, 
total arc height and rapid horizontal adjustment during the exposure Vertical 
adjustments of the two electrodes at a time were made by the circular movement 
of the screw-head at the top and of the lower electrode (cathode) separately by the 
sorew-head at the side attached to rack and pinion arrangement Horizontal 
adjustment of the two electrodes was made simultaneously by a slight movement 
of the above scrow-head sideways The construction of the spec lal type of clamps 
suitable for holding the short carbon electrodes and for making easy and rapid 
change of electrodes is also shown separately in the figure All the necessary in- 
sulations were made from ebonite and bakehte blocks 
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An electric supply of up to 15 amp at 220 vdc with suitable slide- wire 
resistance in the circuit was arranged wliuh permitted the arc to be ignited at 2 amp 
and gradually increased in steps of 0 5 to 1 amp to as high as 15 amp 

The lens arrangement recommended l>\ Twyman and Simeon (Strode, 1936) 
with necessary modification was found vei\ satisfactory for the cathode lajer 
eftect This anangement is diagrammatic allj shown in Figure 2 



L£NS AHfiANGt MENT 
Fio 2 


A sliaip image of the cathode layer the region adjoining the cathode was 
focussed enlarged onto the spe< trograph slit This was aclueved by focussing the 
arc, placed at a distance of 52 cm from the slit, sharply with a spherical quait/ 
condensing lens on a screen which had an adjustable cuculat diaphragm An 
opening of 4 6 mm of the diaphragm allow cd to pass through it only the edgo of the 
cathode and tlu adjoining an column Tim light from both the incandescent 
caibon electrodes was i lit c u opted In the screen which would otherwise make the 
background heave The arc was adjusted so that the sharp c athode image conic lelcet 
with a mark just over the edge of the diaphragm and the incandescent anode with 
another mark on the screen 1 cm below the cathode ullage This illuminated 
opening was focussed enlarged bj another spherical quartz condensing lens onto 
the spectrograph slit The light passing the cumin diaphragm formed nenlv an 
elliptical imago over the slit with its majoi axis 8 mm in length m the vertical 
direction A constant electrode separation was best controlled by means of an 
enlarged imago thrown ovei a graduated screen by a spherical condensing lens 
This graduated screen was placed very near to the spec trograph slit so that the 
cathode and the anode imago could easilv bo seen ovei botli the screen and the 
diaphragm simultaneously Near about one half ol the total au length o voile mg 
the cathode layer was used foi slit illumination As the illuminated image was 
8 mm in height ovu (lie spec trograjih slit instead of Hattmann diapluagm \ shaped 
diaphragm was used Tn this lens .inangc meat anv slight vanation such as wandering 
of the arc as usually occurred and Hhght lateral lack of alignment could not affect 
spectrum intensity nearly so much as when a single lens was used for slit illumination 
For qualitative analysis, a separate airangcment was made -V second art 
stand was placod at right angles to the former one m neaily tho same lme with the 
slit The fight of the arc was focussed onto tho slit by passing through a spheric al 
quartz lens and a right angle (**0°) quartz ptism, placed propuly neai the slit 

( 'arbon rods of very gicat purity were produced in this laboratory by the author 
(Mukherjee, 1947) The starting materials, ‘funo-Houiogen ’ c arbon rods, contained 
above all traces of gallium as impurities The purified final products were com 
pletely free even from the minute traces of gallium 

A cathode with 5 6 mm deep boro and 3 mm inner diameter with a wall thick- 
ness of 0 7 mm was found convenient for the analysis This cathode onginallj 
6 0 mm in diameter likewise of purified carbon rod, was reduced to 3 7 mm m 
diameter over the upper 12 min length in which the bore was made in order to 
make the wall thickness to 0 7 mm The anode was 5 mm in diameter with a flat 
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plain surface at the end The thin wall of the cathode was suitable for obtaining 
a steady arc, with little wandering and the arc was concentrated like a narrow cone 
of light withm the electrodes In eaeh carbon rod the depth dMw crater and the 
diamettr of the thin wall was regulated by proper adjustments in a lathe machine 
in order to obtain the same type of cathode always 

(ft) Preparation of comparison standards 

As bauxite is an aluminium containing mineral aluminium oxide was taken as 
the base substaiue By qualitative aie spec trograpluc analysis at 10 amp current 
it was found that the aluminium liydi oxide to be used as base contained traces of 
gallium Giuhaini and Seaborg (1038) with the help of artificially produced radio 
ai tive gallium as an induator showed that (>a could be extracted successfully by 
repented extinction with ether from u (>A hydrochloric acid solution with as low a 
< one enti ation of gallium as 10 _1 * parts jier 1 part So gallium chlorido was 
readily extracted from 1 1 h\ d rot hlouc acid by ether extraction Nearly 10 gm 

of aluminium hydroxide was dissolved in 1 1 hydrochloric and and the process 
of ether extraction was followed which provided a separation from gallium and 
mnn\ otlun metals Sufficient quantity of liquor ammonia was added to the solu- 
tion until it was just alkaline, then thoroughly washed, filtered and ignited The 
process ol other exti action was repeated several times till the test spectrum showed 
the c omplet.e absence of gallium line 

In pieparing the standard mixtures, standard solutions of 0 01% and 0 001 % 
gallium prepared as gallium chloride from pure ammonium galhum alum were used 
For each mixture 100 mg of the gallium free aluminium oxide was taken anel 
measured qu.mtit \ e>f the stanelarel solution was added from a microburette In 
order to obtain an u < urate homogeneous mixture, this was diluted with little 
distilled water, evaporated over an electric heater and them ignited at 800°C over 
a moe ker bin ner Tntimate mixing was achie voel by grinding thoroughly m a e lean, 
smooth agate moitai By this means, a senes of standard mixtures of the following 
compositions was jiroparod 0 05%, 0 02%, 0 01%, 0 007%, 0 005%, 0 003%, 
0 001 %, 0 0005% and 0 0001 % 

(c) Production of the spectra 

3 mg of a standard mixture was accurately weighed in a micro-balance in a 
5 c c crucible and thoroughly mixed with 3 mg pure carbon powder obtained during 
drilling of the carbon rods with a sdvor rod of 2 5 mm m diameter, whoso one end 
was flat while the other end was like a spoon The mixture was introduced mto 
the boring ot the carbon rod with the silver Spoon and then slightly compressed with 
its flat end , proper precaution being taken not to lose even very small amount of 
this mixture The boring was then loosely packed in the upper portion with some 
carbon powder The advantage of this packing was that when the arc was first 
struck due to spurting only a small amount of the carbon powder was lost from the 
upper portion and when the arc was separated, after about 10 minutes the mixture 
began to burn along with the carbon steadily 

Before an exposure, the position of the anode was accurately adjusted by a 
preliminary arcing with two pure carbon rods The lower electrode was then re- 

K * .ced by the carbon rod packed with the mixture, the anode remaining m position 
e arc was ignited at 3 amp when the cathode was allowed to strike steadily at 
the tip of the anode and then separated slightly The current was raised to 6 amp 
for few seconds, and the cathode was slowly racked down so that the cathode image 
coincided with the mark on the screen The current was then raised to 10 amp 
and the small shutter covering the spectrograph slit was opfened, the shutter of the 
plate bolder was kept open long before During the exposure the images of the 
cathode and anode were observed on the screen and accurately adjusted over the 
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marks The time of exposure was 160 seconds The colour of the arc was found 
to change after about 16 seconds, indicating that the sample began to vaporise in 
the arc At about 120 to 130 secs the colour of the aro sharply changes to its 
original hue, indicating that all the sample was consumed About 7 mm of the 
cathode was burnt away during this tune Maintaining a consistent operating 
technique such as amount of standard mixtuie, packing of the cathode bore, time 
of exposure and developing proceduio, different standard plates corresponding to 
the above standard mixtures were prepared 

For the production of the spectia of the different samples of bauxite, the' same 
operating technique was followed Ilford (HAD UK)) plates and metol hydro- 
quinone dovolopor prepared acc ending to Ilford’s formula were used Fixed time 
of development (120 seconds) and fixation (10 minutes) at 18°C with fresh solution 
for each plate and unifoim rocking piocedure duiing development wore followed in 
order to obtain plates of almost identical cliaractor The effects of the slight 
spitting m the arc dining vaporisation due to the carbons and of othor disturbing 
factors involved such as the rate of vapoasation ot the different samples which 
c onld not be eliminated wore found to be small when the duple ate spectra of the same 
standard mixture weie examined 


{d) Analysis of spectra by photometric measurement 

A comparator of suitable magnification was 
spectra 




u sexl for visual inspection of the 


3 in A P< r 1 1 nt Os in standard mixture* 

116 % 01 % 1106 % 001 % 0001 % 

2874 24 Coincident with Fe lino 2874 17A 

2943 7 ++ ++ 4- + 

2944 18 -+ + + -+0 0 

3020 6 Coincident with Fe line 3020 5 A 


+ = Strong, -+0 — Faint, 0 = Undetectable 


The sensitivity of the gallium line 2943 7 A was high and accepted for the 
analysis especially for lower concentrations The Ga lino 2943 7A was less sensi- 
tive in the rogion 0 IMK>5% to 0 0001 % The Ga-lino 2874 iA was very sensitive 
over the ranges of concentration up to 0 0006% in the standard spectra but as this 
line was coincident with an iron line, it < ould not be ac < epted as the comparison 
line 

The blackness was defined as tho difference between the peaks of the gal\ ano- 
meter deflections of the mieropliotomoter for the Ga line 2943 7 A and for the 
background, taken adjacent to the line The blackness of the Ga-line was obtained 
with a photo electric non recording microphotometer and measured in arbitrary 
units from the scale of the galvanometer Tho background correction was applied, 
subtracting from the galvanometer reading of tho background tor each spectrum 
taken at a height of 1 mm from tho base adjacent to the Ga-hne the reading of the 
Ga-line As the spec trum line's m the ( athode layer were wedge shaped aud more 
intense towards the base, the photometric measurement of the line 2943 7A was 
carried out at a height of 1 mm from tho base Tn order to make an accurate 
measurement of the position and height of the Ga line, there were two sliding arrange 
ments at right angles to one another in the plate holder of the microphotomotei 
fitted with millimeter scales 

A calibration curve was then drawn (Fig 3) with the corrected blackening 
values of the Ga-line m tho different standard spectra plotted as ordinates against 
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percentage of gallium in the corresponding stand aid mixture Percentage of 
gallium present m the different samples of bauxite woro detei^nmed by correlating 
the corroc toil bla< kt mng vahu s of the fla-line in sample specTrS? in the standard 
eahbration curve 
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Lt* ality Percentage 

halgipat, N Lohordagn, Bihar 0 002 

N K of Amarkantak, S liewati 0 0036 

N W of Radhanagn 0 0048 

Yelurgarh Fort, Bombay 0 008 

Rurganj Stab' 0 007 

0 008 

Katm, .(ubbnlpore C P 0 0066 

1 mile N W of Dhagarvadi, Kolhapur, Bombay 0 0026 

Rain I, Riasi Telmil, Kashmir 0 007 
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Discussion 

In the carbon arc cathode layei method, when the cathode was adjusted to 
keep its image fixed just on the edge ol the rectangulai diaphragm, the spectrum 
revealed the presence of a black stieuk at the bottom which was due to the con- 
tinuous light from tho cathode, (Stroc k, 1930) As the continuous light masked 
the lines at the bottom of the spec ti uni, no accurate photometric measurement 
was possible at this most sensitive region of the cathode layer spectrum specially 
at low concentrations of the element In the pre sc nt investigation, in order to avoid 
this continuous background at the bottom cathode was constantly regulated to 
keep its image fixed juHt over the edge ol the chapluagm, so that the incandescent 
cathode was cut off bj the scieen while the high sensitivity of tho cathode layer 
method was by no moans affec ted 

In Twyman-Sunoon lens anangement loctangulai diaphragm was used in 
Gottingen (Stroek, 1910) Tn the present investigation the author used a circular 
diaphragm, for which the ellijitical light linage formed over the sjiectrograph slit 
has tho central layer of maximum intensitv along the vertical direction with the 
veitical distribution of the light in the cathode laver «ic column proportionately 
enlarged 

During preparation of standard mixture s and production ol spectra that a 
consistent operating tochmquo was always maintained was pioved b\ tho fact that 
duplicate spectra of the same standaul mixture and also of the same sample wore 
almost identical 
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Abstract 

Certain physical pro | tortion of the partially degenerate model stern ol maaeOH 5Q, 4 Q, 
to, lo and 060 are calculated for the eoutial degeneracy i ]i e 0, 2 and 5, using Ware's 
numerical integration of the difEerential equation for tho partially degenerate standard model 
In the calculations account has been taken of both the radiative and the conduitive opacities 
at the centre of the star The rosults show that the central stars of the planetar nebulae are 
in partially degenerate state 

§ Introduction 

It has been suggested by Chandiasekliar (1939) that tho supernova outbuist 
may result from the inability of a star of mass greater than M s (M t =■ 5 b ft, -2 ©) 
to settle down to the final state of complete degeneracy without getting nd of excess 
mass After the excosa mass is blown off the star will, tor the hrst time, be in t 
position to develop a degenerate core Minkowski s (194-2) spectroscopic study 
ot the* Crab nebula sooms to support Chandrasekhars suggestion His analysis 
of the central star of the Crab nebula — the stellar ramanant of a supernova shows 
that it is an object of extremely high surface temperature 2’,~5 X |i) 5 °C , high 
density p~l 8 x 10® gm /e o , and high luminosity L/Lq ~ i X In 4 , but it has a small 
ladius R = 02ilo It is a white dwarf in which dogoneiatv is incomplete 

Tho planetary nebulae, as for example the famous Ring nebula in Lyra, aie 
c omposed of a shell of tenuous gases at the centre of which is a small but exceedingly 
not star The question whethor these planetary nebulae result from supornova 
explosion is as yet unanswered If wo accept Chaiuliasekhar’s suggestion, then the 
central stars of the planetary nebulae are on their way to complete degeneracy 
It would, therefore, be interesting to investigate certain physical propel ties of 
partially degenerate model stars for varying central degeneracy Oiu calculations 
seem to support the suggestion that the planetary nuclei aie in partially degenorate 
state 


§2 Mathematical Formulae 

Using Ware h (1944) results, the central temperature T c and the central density 
p c for a given central degeneracy i/i 0 are respectively given by 


7- 0 = 4 47xlO*^)(^)* . 


( 1 ) 


and 


p , — 2 72 X 10 Vt p »(W> 


( 2 ) 
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where F t (i/i) and (<p) m $F 8/a(0) are the well-known Fenm-Dirao functions, p, the 
molecular weight of the stellar material and fi the ratio of pressure to the 

total pressure 

The general quai tic equation is 

M = -9 67 x 10»y. 2 (~^j (3) 


wheie M denotes the masH of the star The value of the quantity m the square 
bracket on the right hand side of (3) is tabulated in Ware’s paper (1944) for ifi 0 = 0, 
2 and 5 (ifi 0 -+oo for complete degeneracy, and ^ 0 -> — oo for comploto non- 
degeneracy) 

The radius of the configuration is 


»_ 9 00944 

“ P.[j8*(l~/5)]* fl ‘ 


(4) 


wheie the boundaiy value constant (i depends on < entral degeneiacy ifio ami is 
tabidated in Ware’s paper 


§3 The Opacity, the Molecular Weight am> the Luminosity 

In the transition legion between non degeneracy and degeneracy the radiutivo 
opacity k, is of the Hame order of magnitude as the conductive opacity k e The 
effective opauty k is taken to lie 


The expressions for the radiative and the conductive opacities weie taken from 
Marshak’s paper (1940) The concentration X, of tho Russell mixtuie was assumed 
to be unity, and the guillotine factor r was calculated, following Stromgrcn, for 
different temperatures For temperature 7'>1() 8 °C and density p>!0* gm /c c , 
the scattering opacity k s predominates over the radiative opac lty The expression 
for k , was taken from Morse’s paper (1940) 

In ordei to know the conductive opauty accurately m the transition region, 
it is necessaiy to know k c both on the non-degeneiate and the degenoiate side For 
a given temperatuie T, Log k c is plotted against </> 0 and the value is thon read 
from the graph Curves of this type were plotted for different temperatures (as 
has been done by Marshak, 1940) 

I n all our calculations we have used the value of p at the centre of the model 
star Assuming p = 2, as a first approximation, p c and T c are known from equa- 
tions (1) and (2) Knowing p t the value of p at the centre is calculated following 
Marshak (1940) 

In calculating the luminosity of tho model stars we use Eddington’s mass 
luminosity relation, m which for k we substitute the effec tive opauty at the centre 
and 7) is taken to bo equal to unity (since the energy generation is due to gravitation) 
§4 The results of our calculations for the model stars of masses 50. 4©, 
2©, 1© and 05© are given in the tables below for three different values of = 0, 
2 and 5 It may be pointed out here that our calculated values for the surface 
temperature T, and tho luminosity L/Lq will be higher than the actual values 
which the model stars would have for a given central degoneracy, since we have 
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Table 1 



Table 1 



§ 5. Conclusion 

The results tabulated in § 4 show that our model stars are extreme objects of 
high density, high surface and central temperaturos and high luminosity but have 
small radu They may be classified as blue dwarfs From his spectroscopic study 
of a large number of planetary nebulae, Page (1942) estimates the surface tem- 
perature of the oontral stars to lie between 20,000 and 100,000 Though the masses 




1 80 SINGWI PHY8ICAL CHARACTERISTICS OF PARTIALLY DEGENERATE MODEL OTARS 


of the planetary nuolei are not known accurately it is reasonable to assume them to 
he between 5© and lO (certainly much less than the jiass of the central star 
of the Crab nebula, which has been estimated by Minkowski to 1581 0 ) The planetary 
nuclei are no doubt extreme objects, but are milder than the central star of the 
Crab nebula It would not be unreasonable to say that the preceding tables are a 
fair representation of the physical characteristics of the planetary nuclei under 
varymg central degeneracy 

It is a pleasure to express my thanks to Prof D S Kothari for his very kind 
interest in this work 
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STUDIES IN THE EMBRYOLOGY OF ANISOMELES INDICA O KZE AND 
LEON U MU 8 S1BIRICUS LINN 

By Jayanta Kumar Ganguly, M Sc , Department of Botany, Calcutta University. 

(Commuiuoatod by Dr I Bailor) i, D Sc ) 

(Received September 1, l ( itG, read August 4, J947 ) 

Since the beginning of this century a considerable amount of work has been 
done on various genera of Labiatao The eai her literature on the morphology and 
embryology have been reviewed by Sduiarf (1931) During the last few yoars a 
number of important papers have been published Laws (1930) described the em- 
bryology of Lavandula Ruttle (1931, 1932) investigated the embryo sao develop- 
ment of five species of Mentha and tho ombryo-sao and seed development of Lycopus 
europaeus Junell (1934) has given an account of the structure and morphology 
of the gynoecium in some genera of Verbenaceae and Labiatae Ho also studied 
the development of seed m some ‘ virbonoid Labiatao ’ Recently Bushnell (1936a) 
has studied tho development of ovulo and maorogametophyte of Monarda fistulosa, 
M didyma, M punctata and Nepeta ccitana She found all of them similar except 
for minor differences Carlson and Stuart (1930) have investigated the development 
of spores and gametophy tes of six Now World specieR of Salvui The most important 
papor m recent years is that of Junell ( 1 937) whose extensive study eomprisos nineteen 
gonora and twonty-four species b< longing to tho three sub-families Lavanduloideae, 
Stachyoideao and Ooimoideae Though he has attempted to generalise the stages 
of ondosperm formation, his account lacks m detailed description of all the individual 
species 

In India, Narasimha Murthy (1940) has described tho embryology of throo 
species of Ocvmum. Tho samo author has subsequently published two short notes 
on tho endosperm formation in Lcucas aspera (1941) and m two species of Anisomeles 
viz , A malabanca and A xndiea (1942) 

The present investigation was undertaken boforo tho publication of Narasimha 
Murthy’a note (1942) on Anisomeles and a detailed and critical study has revealed 
fundamental differences with tho latter As regaids Leonurus, Billings (1999) and 
Junell (1937) have recorded a few maturo ombryological stages in Leonurus cardwca 


Materials and Methods 

Flowor buds of varying stages of development and developing seeds of Anisomeles 
and Leonurus both ol which wore found growing in waste places and fields of 
Ballygunge, Calcutta, were fixed in field between 19 a m to 3 p m on bright days 
Allen’s modified Bourn ’s and Nawasclun’s fluids wore employed as fixatives To 
facilitate proper fixation an exhaust pump was used at the time of fixing Nawas- 
ohin’s fluid gave better results for all stages of Anisomeles whde post fertilisation 
stages in Leonurus came out better in Allen's modified Bourn’s fluid Materials 
wore dehydrated, oleared and embodded in paraffin in the customary ways In 
case of ovaries containing post-fcrtibsation stages, clearing was done in coder -wood 
oiL Seotions were out 8j*-30fi thiok depending on tho stage required for study 
Heidenhain’s iron-alum haem&toxyku and Newton’s Iodine Gentian Violet were 
used as stains 
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Observations 

The Development of the Floral Parts — The development of tSffHoral parts has 
been studiod in detail in Amsomeles tndtca As the stages of development in 
Leonurus were found to conform to that oi Amsomeles, the description of latter species 
is alone given here 

The primordium of the flowor is at first visible in tho axil of a bracteole as a 
domoshaped protuberance (Fig 1) Tho sepals aro the first members to appear as 
prominences from the sides of tho dome (Fig 2) As the calyx growH, the central 
mass of cells (tho primordium) again becomes broad and completely covered up by 
the sepals (Fig 3) The stammal pnmordia then arise from the base of the sepals 
which are pushed out (Fig 4) Soon after this tho pnmordia of tho petals emerge 
from tho dorsal surface of tho stamens (Fig 5) Tho central primordium still remains 
undifferentiated, it becomes wavy in appearance when the petals have just over- 
grown the anthers From this central portion the carpellary pnmordia anso (Fig 6) 

It appears from above that the ordor of development of the floral parts is sepals, 
stamens, petals and carpels Thus there is alternately airopetal and basipotal 
successions oi tho different cycles, and this is a deviation from the general order of 
development of oyclio flowers m which the cycles appear mostly in acropetal suc- 
cession Such deviations are reported in other families like Rosaceao, Compositae, 
Dipsacaceae, Valerianacoae, Rubiaceae and Cruciferae The order of appearance 
of cycles noted m Amsomeles has also been obsorved in various members of Scrophu- 
lanaceao by Schertz (1919), Srinath (1940), Rnnivasan (1940) and by Krishna Iyengar 
(1937-40) Webb (1902) has observed in Astilbe that the order of succession of the 
floral parts is sepals, inner stamens, carjsjls, outer stamens and petals Tho ap- 
pearance of petals on dorsal surface of stamens is also reported in Primulaoeae by 
Pfeffer (1872) That the petals and stamens havo a common origin one appearing 
a little later than the other is evidont when a later stage is oxamined (Fig 7) 

The pnmordia of carpels come out at the base ol the stamens, after the latter 
havo been overgrown by the petals In longitudinal section they appear as two 
protuberances leaving a depressed area at the centre (Fig 6) Tho origin of the 
carpels is thus lateral Examination of later stages shows that these really form the 
wall of tho ovary By further growth of tho wall and a simultaneous broadening 
of the central portion, the cavity of the ovary is formed When tho wall meets at 
the tip the ovules are seen to arise on the broadened central portion at the base 
of tho ovarian wall (Fig 8) A transverso section of tho ovary shows that the ovules 
arise on the placenta formed at the margin of the two united carpels (Fig 12) The 
placental cushion thus takes its origin as a united structure, the two ovulos growing 
on tho two sides of it in diametrically opposite directions The ovarian wall, ill the 
meantime, join at tho centre producing tho ovarian cavity The united carpels 
continue their growth upwards to form the stylo and stigma (Fig 9) 

Formation of the Gynobastc style and lobing of the Ovary — After the style has 
grown to a certain length and the ovules onlarged in size (beforo the inception of the 
archcsponal cell), tho basal portion of the former begins to grow downwards in 
between the ovules (Fig 10) This process continues pan passu with the growth of 
the ovules, and ultimately at the four-nucleate stage of the gametophyte it reaches 
the basal portion, dividing the ovary into four lobes from inside each lobe containing 
one ovule (Fig 11) Along with this process tho external surfaoe of tho ovary 
opposite to the placental tissue inside becomes involuted gradually towards tho 
centre of the ovary (Fig 12) and thus completes the ovarian lobing into four bits 
At this stage the inner moss of tissue at the mid-rib of the carpels (the ‘sterile carpels’ 
of Saunders, 1939) also grows towards each other and form a secondary septum. 
Tho style does not fuse at the base but an empty spaoe is left there It follows 
from the foregoing facts that the placentation is not wholly axilo m nature but it 
is a combined form of axile and parietal placentation. 
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The general idea of the axile nature of the placentation (cf Rendle (1935)) m 
this family is thus not supported by tho evidence obtained by a study of the 
organogeny in the two species 



Flos 1—3 4 Antsomdes tndica Figs 1-7 —Stages in tho development of floral organs X38 
CO potalir, AN — stamens , X — point of common origin of petals and stamen. Figs 8-1 1 . — 
Stages in tho ontogeny ol the gynoeciuin, growth and lurvaturo of the ovules and the 
formation of the gynobasie stylo («t) x38 Fig 12 —Transverse section of young 

ovary x88 Figs 13 14 — Development of the obturator (oh) and integuments. 
Fig 13 — X116 Fig 14— X38 Figs 1G-1B Leonurus nibtncut Stages showing tho 
curvature of the ovule, development of integuments and obturator (oh) x38 See 
text for details 

The fleshy annular diso which is seen in the mature stages of the flower com- 
mences to grow out round the base of the ovary at tho time when the style begins 
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to push in between the ovules as described above In Amsomeles (Fig 11), this is 
rounded in outline and of greater thickness, whereas in Leonurus^ A m thinner and 
forms a cup-shaped structure at the base 

Development of the Ovule and, the Integuments — The ovule begins to curve away 
from its orthotropous condition by unilateral growth before the inception of the 
archesponal eell When the curvature is less than ninety degrees, the arohesporial 
cell is differentiated in the hypodermal layer oven before the appearance of the 
integumental pnmordium In tho Labiatae, such an oarly inception of the arches- 
porium has been observed and figured by liushnell (1036a), Junoll (1937) and Nara- 
sunha Murtliy (1940) It is characteristic of many Scrophulariaceae, Solanaeoao, 
etc but is also reported m distant families like Juglandacoao (Langdon, 1935) and 
in Blyjca, a monocotyledon (Rangaswamy, 1941) 

Tho integument appears when tho megasporo mother coll becomes differentiated, 
and tho primordium is hrst noted on tho side dose to tho furnelo (Figs 19-20) In 
A nt sotndei tho ov tile attains tho anatropous condition when tho integument apjionrs 
oil both Hides of the nucollus (Fig 1 3) Tho latter boi omos massive at tho mature 
htage ol tho embryo sac, and at tho micropylar portion, it is 12-14 layers on the 
side away from tho axis and 7-8 layers on tho other side It is, howover, thinner 
at tho lower region bordering the embryo-sac When the integument lies just below 
tho micellar tip, the obturator appears at the funicular region overlying tho nucellus 
and the inner part of tho integument (Fig 13) It extends abovo the nuoellar 
portion before the micropylo is formed by tho integuments At the mature stago 
it takes a massive form fitting over the mu ropyle like a lid (Fig 14) 

In Leonurus the attainment of the anatropous condition is delayed by the fact 
that the obtuiator takes its origin earlier than it does in Amsomeles, l e , when the 
integuments are halfway around the nucollus (Fig 1ft) It grows vigorously and 
assumes a massive appeal an cc and tho ciuvature of tho ovule is somewhat arrested 
at this period When tho growth of tho ov ulo is followed up to the attainment of 
its final form, it is noted that in leonurus it curves along the furucle as well as along 
its lower portion and tho curvature is continued up to the tetrad stage of the mega- 
spores resulting ui a transverse oi imitation of the latter Consequently, this brings 
about a somewhat campylotropous condition which is more apparent in the mature 
stage of the gametophyto (Figs 17 18) Though .Tuncll (1937) lias figurod such 
forms in Physostegui, Sideritis and Notochacte and referred to tho mioropyles as beak- 
liko, he has not made any statement regarding the ovular orientation in these cases 
In Amsomeles, however, the ovule curves only along tho fumcle retaining the anatro- 
pous condition (Fig 14) 

Formation of the Megaspores — In a number of cases a multiple archesponum 
has beon observed in Leonurus In ono instance, as many as six archesponal ceils 
havo been observed, and among these the upper two are slightly larger (Fig 19) 
The existence of two megasporo mother cells has also boon detected, either super- 
imposed or lying side by side, in Leonurus (Figs 21 22) The megaspore mother 
coll enters into the meiotic prophaso long before tho integument is fully grown, and 
soon attains its maximum size and form The fully developed megasporo mother 
cell is much longer in Amsomeles in which it shows a long process lodged into the 
nucollar tissuo below (Fig 38) Both tho divisions of the megaspore mother coll 
are unequal so that the lower dyad coll and tho lowermost megasporo are longer 
(Figs 23, 24, 38, 39) Junoll (1937) has recorded such a long megaspore in Molu- 
ceUa, but m Lavandula tho mogaspores aro of equal size (Laws (1930), Junell (1937)) 
The rate of division gonorally slows down in the upper dyad in Amsomeles (Fig 39) 
as figured by Sharp (1911) in Physostegui 

An abnormal case of a dyad and a tetrad, one partly ovorlymg the other, has 
beon observed m Amsomeles (Fig 41) The tetrad is fully formed while the dyad 
is just organised This appears to have developed from the differential growth of 
two megasporo mother cells lying side by side In two other mstanoes in Leonurus, 
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a triad and a tetrad one overlying the other has also been noted (Fig 24A) A still 
more peculiar and complex organisation has been noted in Leonurua, in which there 
are ten megaspores arranged m an irrcgulai fashion (Fig 25) Of these, one of the 
lowermost mogasporos has developed into a four nuoleate embryo-sac without much 
enlargement of the latter, three are much larger than those in a normal tetrad while 
three are small and in different stages of degeneration and the remaining three are of 
intermediate sizes but not very healthy Thus from amongst the whole set one can 
trace the concurrent? development and degeneration of a number of gamotophytes 
and megaspores respectively 

Normally, the lowermost cell of the linear tetrad which is already enlarged 
functions as the embryo-sao mother cell It may be sugg< sted that the precocious 
enlargement of the lower dyad coll as also of the chahzal incgaspore indicates the 
potential fertility of the basal portion of the megasporc mother cell at earlier stages 

The disintegration of the upper three mogasporos of the linear tetrad takes 
place from below upwards in both tho specios studied Fig 40 shows the irregular 
outline of the degenerating megaspore nucleus in Anxaomelia as the first indication 
of tho process and this is also evident in Leonurua Tho degeneration of tho non- 
functional megasporos is not completed until ufUr tho late two nucleate stage and 
is completed in Leonurua at tho initiation ol the four nucleate stage (Figs 20, 27) 

Nucellua — The primary differentiation of the mucllus takes place when the 
integuments are initiated and the megaspore mothci cell enters into the meiotic 
prophaso (Fig 20) It appears as a smglo layer above, and two layers on the sides 
of the megaspore mother cell When the latter im Teases in size, the epidermal 
layer of the nucellus keeps pace with it by intercalary growth with the result that 
the lateral cells of the nucellus (below the < pidermal layer) aie confined to tho basal 
rogions of tho dyad megasporo motlioi cell (Fig 37) Ultimately those cells become 
loosely arranged and degenerate with tho organisation of the totrad Tho epidermal 
layer also begins to disintegrate with tho degeneration of the upper three mogasporos 
In Leonurua, degeneration of this layer is completed before tho upper three megaspores 
degenerate, while in Amaomelea, the rovoise is tho case .Such a simple and reduced 
typo of nuoellus whioh has been termed ‘ nuoollo ’ by Baluka Iwanowska (1899) seems 
to bo characteristic of the sympetalous families Junoll (1937) has found it in the 
various speoios of Labiatao 

In connection with the nucellus the most interesting featuro observed is tho 
presence in Amaomelea of two or three nuclei in tho lateral and lower cells of tho 
nucellus (Figs 37, 38) Among these one of tho colls in the basal region is parti- 
cularly larger, and all those cells chara. teristically persist through the developmental 
stages In two instances in Leonurua (Fig 20), a basal nucollar cell has been found 
to be bmucloate The nuclei of these cells disintegrate in the mature stages of the 
embryo-sac It is interesting to note that such bnun leate nucollar cells were also 
found to occur at the tip of tho ahnormal dyml and tstiad stage of Amaomilea 
The ooourronco of such multinucleato nucollar cells has not been uoordod by prev ious 
workers in this family 

Another structural peculiarity is tho poriclmal division of the two opidermal 
nucellar cells at the tip In Anwomelcs (Fig 38) it is noticed after the dyad stage, 
whereas in Leonurua (Fig 22), it is soon to tako placo earlier This feature has also 
not been recorded in this family 

The Development of the Embryo sac — Tho nuclous of the enlarging megaspore 
divides at the oontre In Leonurua tho two nucloi migrate to tho extreme poles 
but m Amaomelea the nucleus proceeding towards the chalazal ond stops at a certain 
distance before the pole and divides there (Fig 42) so that m the resulting four- 
nucleate gametophyte, the big vacuoles lie in between the two pairs of nuolei in tho 
former (Fig 27) and below the two pairs in tho latter (Fig 43) 

Rapid enlargement of tho embryo sac takes plaoe at the four-nuoleate stago 
(Figs 27, 28, 43), this feature has previously been noted by Schnarf (1917), Ruttle 
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(1931, 1932) and Junell (1937) in their investigations on the various species of this 
family The enlarging embryo-sao pushes through the just degenerated maorospore- 
and nucellar-cap and grows along the mioropyle with a simultaneous dissolution of 
the integumental issue This leads to the formation of an upper broadened part of 
the embryo-sao in contrast to the lower narrower part which is more or less cylindrical 
and invested by a tapetal jaoket of the integument (vide infra) The enlargement 
is more pronounced in Leonuru s where the micropylar portion is not only much 
longer than tho ohalazal portion but also much greater in breadth thus offering a 
sharp contrast which is lacking in Aniaorneles Tho latter species also diffors from 
Leonurua in having a greater development of the embryo-sao before the micropylar 
extension which in its turn does not dominato in size and shape over the lower 
portion 

Sinoe the growth of tho embryo-sao proceeds along the micropylar canal, the 
resulting shape of the embryo-sao is also accordingly influenced It is more or less 
straight in Amsomelea and L shaped in Leonurua This dependency of the shape of 
the embryo-sac on the earlier orientation ol the ovular parts has already been pointed 
out in connection with the development of the megasporangium 

The four-nucleato gametophyte passes to the eight-nucleate stage During the 
formation of mature gametophyte from this eight-nucleate stage, which has been 
studied in detail in Amsomelea, one nucleus from each pole migrates towards the 
centre and the two nuclei lie side by side just above the narrow ohalazal part 
Simultaneously, the egg apparatus and the antipodal cells begin to organise at tho 
two poles At tho micropylar end, two nuclei become differentiated as tho synorgids, 
which in this primary stago appear somewhat, triangular in form as figured by Bushnoll 
(1936a) The other nucleus organises the egg cell which is attached to tho micropylar 
end of tho embryo-sac Tho egg is at this time much larger than the developing 
synergids and a small vacuole is already developed at the upper end At the anti- 
podal ond, one of the nuclei beoomos invested by a cytoplasmic membrane to form 
a small triangular cell, while the other two are enclosed within a common mem- 
brane below tho triangular coll and become longer and bigger in size as well (Fig 44) 
Later, tho bmucleate oell divides longitudinally into two long antipodal colls with 
two divergent wingliko processes in betwoon which the third smaller antipodal cell 
occurs At this stage tho antipodals are quite rich in cytoplasm and have prominent 
nuclei indicating a physiological activity (Fig 45) It is to be noted here that the 
antipodals may be organised before tho differentiation of the egg apparatus 

The egg apparatus in tho later stages in Amsomeles becomes further differen- 
tiated The synergids become vory long each having one large vacuolo at tho basal 
portion which is perfectly round in outline In tho upper portion prominent hooks 
develop and tho nucleus lies just above tho vacuole Tho tips of the synergids 
beeomo extended into the micropylo as long pointed structures Tho egg cell hangs 
below tho synergids and possesses the usual structure The cytoplasm seems to 
have reserve food matters (Fig 46) 

In Leonurua, as in Amsomeles, the two polar nuclei migrate at that region of 
separation of tho upper and lower part of the embryo sac, i o , j ust at the mouth of 
the narrow ohalazal portion It is interesting to note that the upper pvlar nucleus 
is more than twice as largo as the lower one , this smaller size of the chalazal polar 
nucleus is significant in that tho antipodals degonerate early (Fig 33) 

The shape of the antijxidal cells has boen found to be identical with that observed 
m Amsomeles, thore being two long lowor cells with a smaller one fitting into the 
upper portion of the long oells (Fig 33) In the egg apparatus, each of the synergids 
has a characteristic hook and a large spherical basal portion with a vacuole, and the 
nucleus lies above it Tho egg has a distinct stalk and the bulging lower portion 
containing the nucleus hangs below the synorgids (Fig 35). 

In both the oases the antipodal cells degenerate very early and it is difficult to 
traoe them in a mature embryo-sao (Figs 34, 46) The two polar nuclei remain side 
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by side for a long time before fertilisation In Leonvrus, they fuse before fertilisa- 
tion, but m Antsomelea , they have been found to fuse at the time of double fertilisa- 
tion as will be described later on 

Double and Multiple Embryo-sacs — Several interesting cases of double and 
multiple embryo-sacB have bet n observed m Ltonurus In one oaee (Fig 29) two 
embryo-sacs, each with a four nucleate gametophyte, have been found in which both 
the embryo-sacs are almost of equal si/e, one of thim has just started to grow above 
the other In two other instances (Fig 30), one of these four-nucleate embrjo- 
sacs has grown considerably above the other which lags behind being pressed at the 
side by the former This stage must have been derm d from a condition similar to 
the double embryo sac just described In another case the smaller embryo-sac 
lies at the micropylar part at the side of the larger sat and contains five nuclei — 
one pair at each of the two poles and one at the centre The lower portion of this 
smaller embryo sac is, howevu, deflated on the larger one (Fig 31) 

A multiple imbryo sac is illustrated m Fig 32 There are three embryo-sacs 
m the upper broadened part and two in the lower Of the three m the upper, one is 
an eight-nucleate gamotophyte with four nuclei at the two polos, and the othor two 
are four-nucleate, each having two nuclei at the two ends, of the two nuclei at tho 
lower end in each of the said four nucleate embryo sacs, ono has developed a cyto- 
plasmic membrane forming an antipodal-like cell and the other remains free The 
two embryo-saus m the chalazal portion are typically four-nucloato 

Integumentary tapetum — The most specialised part of the integument is the 
formation of a jacket of cells around tho lower portion of the embryo-sac The 
earliest indication of these tapetal cells, is the differentiation (of 1-2 layers m 
Antsomelea and 2 3 layors in Leonnrus ) of the innermost cells of the integument, 
when the megaspore mother cell is m the meiotic prophase These cells become richer 
in plasma winch take up more stain than the surrounding coljs In Antsomelea, 
the cells of this innermost layer become long and narrow at the dyad stage of the 
megaspore mother cell due to pcriclinal division and radial olongation of these cells 
(Fig 37) The final form of tho tapetum is attained at tho four-nucleate stage 
when the cells of the innermost layer bteomo longer, the nuclei having a flattened 
and lobed appearance , the cells of the next one or two layers do not differ in shape 
from the other cells of integument, but they n mam doeply stained and also seem to 
function like the innermost layer At this stage tho nucellus is destroyed and the 
integument lies m direct contact with the wall of tho ombryo-sac 

In Leonurus, tho colls of both the layers become flattened at the tetrad stage 
and divide anticlinally to form three to four layors which extend beyond tho nuoellar 
tip (Fig 24) In the mature four-nudeate stage of tho embryo sac the tapetal 
layers become fully differentiated investing tho originally jacket ted narrow chalazal 
portion (Fig 28) 

In both tho cases a largo mass of tho integument tissue ib disorganised due to 
the growth of tho embryo-sac as mentioned earlier Naturally, the upper part of 
the integument does not got tho opportunity to organise a tapetal covering, though 
it has got the potentiality, as indicated by the tapetal nature of the inner cells of the 
integument above the nucellar tip before tho extension of the micropylar part of the 
embryo-sac It will be pomtod out later that this part of the integument becomes 
the host, not only of the ombryo-sac, but also of tho micropylar haustorium which 
is organised by the endosperm 

Fertilisation — The stages of fertilisation have been observed in both the species 
examined Since pollen tubes have been soon to travel along the obturator tho 
function of the latter seems to direct tho pollen tube towards the mioropyle as 
suggested by Narasimha Murthy (1940) who also detected it in species of Octmum 

In both the species the pollen tube has been found to pass through one of the 
synergids and discharge its contents into it Consequently, the synergids in 
question become dense black m oolour as evident from their hooked atruoture. 






190 J K tlANOlTLY STUDIES IN THE EMBRYOLOGY OF ANtSOMELES INDICA O KZE, ETC 


black synergid (Fig 47) travels down quickly and unites with the fusing polar 
nuclei bofore the other male nucleus could reach the egg Such a^tate of occurrence 
was claimed by Guignard (1901) in Zea and Thomas (1900) m Caltm** Fig 36 shows 
in Leoriurun that the vermiform male nucleus is adpressed to the egg The tube 
nucleus is soon at the cut end of a synergid whioh has been affected by the pollen 
tube ~ 

Development oj the Endosperm and Endosperm-Haustona — The endosperm 
formation is of the cellular type in both the speoies studied and the first division 
rosults in a partition of the embryo sac into two ohambers The directions of the 
wall formation in the few primary divisions are characteristic and of systematic 
value The lator devolopmontal stages of endosperm have been found to be oharao- 
tenstio of the two spoeios Since those primary and later stages of development 
vary in the two species, the aocounts are given separately A comparative study 
is deferred for the prosent 

Amsomeles indica — Tho first division of the secondary endosperm nuoleus is 
accompanied by a transverse wall by which the embryo-sac is divided into two 
compartments- — a smaller ohalazal chamber, and a large mioropylar chamber which 
includes the upper half of the narrow ohalazal portion and the whole of the wide 
mioropylar portion (Fig 49) According to the nature of tho seoond division the 
development may be classified into two types viz , Type I Both the cells divide 
by a longitudinal wall (Fig 51) This appears to bo the dominating type Type II 
Only tho upper cell divides by a longitudinal wall, tho lower Incoming a binuoleate 
structure without any wall formation (Fig 60 shows the bmucleato lower cell, the 
upper being still undivided) The wall separating tho two upper cells is in either 
type extendod upwards and completely soparates them The uninucleate two-celled 
or binuoleate umoellular structure resulting from a division in the lower cell does not 
undergo any further division but directly becomes metamorphosed into a haustorium 
which is recognisable by the gradual intensity of stain taken up during the succeeding 
stages, as also by tho slight increase in length 

In the two uppei cells which result from the seoond division, the nuolei again 
divide, the cell walls being laid down transversely Three rows of cells are thus 
formed, each row being composed of two longitudinal colls The upper cells consist 
of the whole mioropylar part plus a portion of tho ohalazal part of the embryo-sao 
(Fig 52) 

In those three tiers of ci 11s tho nuclei in the upper two tiers divide almost simul- 
taneously with their spindles oriented more or less longitudinally the walls being 
laid down transversely The spindles in the upper tier are oriented at tho mouth 
of the chalazal portion so that tho walls are laid down here, the result being the 
complete separation of the upper and lower portions of the embryo-sao by cell- 
partitions (Figs 53, 64) This separation has got a physiological significance because, 
generally, as a rosult of a transverse division of the two cells contained in the mioro- 
pylar part, a four-celled mioropylar haustorium is formod (Fig 55) Thus the whole 
mioropylar portion is devoted to the formation of a cellular haustorium 

The majority of the endosperm tissue is derivod from the middle tier of the three 
rows of colls represented in Fig 62 It should be noted in this connection that due 
to tho nature of division of tho uppermost tier desonbed bofore, a part of the endo- 
sperm is contributed by the latter Tins point bears some significance whioh will 
be discussed elsewhere (We p 208) 

Deviations from the usual developmental Htages as desonbed above have been 
detected m a fairly large number of preparations Fig 65 illustrates a fairly advanced 
stage of the seed in which there are two long haustonal cells at the mioropylar portion. 
This appears to have resulted by direct transformation of tho two upper oells in 
Fig 54 into the haustorial structure 

Again it has boon found that of the four oells, which generally result m a four- 
celled haustorium, three are in a dividing state (Fig 56) An eight-celled haustonum 
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represented in Fig 61 seems to have been derived from suoh a configuration provided 
all the four completed divisions Even in a four-celled haustomim, there may be 
oonsiderablo variations in structure Fig 60 shows four cells arranged peculiarly 
in three layors In the uppermost layer there is one - oell with a cup-like upper 
portion and a narrow base, in the next layer there are two long oells lying side by 
side tho right one having a long beak-like process below, a pear-shaped oell lies in 
tho lowermost layer Fig 66 illustrates a four celled haustorium, in which the 
upper two cells have grown vigorously with much larger nuclei and apparently 
they are the most active, the other two oells having been suppressed, as it were, by 
the two larger ones An intermediate stage between a normal haustorium in whioh 
all the cells aie equally a( tivo, and the stag! described above may be seen in Fig 59, 
whore the cells aro relativity unequal in sue In Fig 58 one finds a binucleato 
upper haustorial coll which must have resulted from free nuclear division of one cell 

In one instance, a ten-colled haustorium has been deteoted m whioh there are 
mtergrading forms ot f oils in sue and contents It is, however, difficult to demarcate 
in this case as well as in many othors the ‘ haustorial’ and tho endosperm cells proper, 
because the haustorial cells also gradually merge into tho endosperm cells m size 
and staining capacity A consideration of this feature is postponed for a later 
discussion (vide para 5, p 206) 

The active micropylar haustorial cells in general have got hypertrophiod nuclei 
with conspicuous nucleoli, and the cytoplasm is also very highly staining In these 
nuclei, dark staining bodies aro present (Fig 66) 

Tho chalazal haustoriun> functions in the oarly stages of endosperm formation 
and it attains its maumum development when the ondosperm is only a few cell layers 
at its maximum thickness It is broader m the upper portion and gradually tapers 
downwards It c longatos to a cortain extent towards the vascular trace and sends 
in sucker-like haustorial branches into the colls below which appear empty in contrast 
to the surrounding rich cells of the vascular trace (Fig 67) 

As deviations from tho normal two-cellod, or tho less ooourring bmucleate 
ohalazal haustorium, a three nucleate two-oollod chalazal haustorium (one of the 
cells being bmucleate) and an absolutely uninucleate ohalazal hauBtorium were 
noticed as rare cases (Figs 54, 57) 

The chalazal haustorium begins to degenerate when the micropylar haustorium 
has just started its activity Gradually the whole haustorium disintegrates leaving 
a large cavity bordered by the endosperm oells At this time the latter become 
very rich in plasma and have larger nuclei They assume tho role of an absorptive 
organ deriving the food materials absorbed already by the ohalazal haustorial oells 

As has been mentioned before, the real endosperm tissue develops from the 
middle tier and partly from the upper tier of the throo-tiered stage The bulk of 
the endosperm is, however, produced from tho middle tier by repeated divisions 
which are longitudinal in oarher stages, but transverse in tho advancod stages The 
growing tissue thus becomes massive, and it increases in surface chiefly at the lower 
region, so that in a fairly advanced stage the ondosperm becomes somewhat pear- 
shaped m appearance With the growth of the ondosperm, the innermost tapetal 
layors which were most prominent m the form of a nutritive jacket of the developing 
gametophyto, persist for some time though they do not appear to be conspicuous 
The cells gradually become more and more isodiamotrio due to the stretohmg of tho 
growing endosperm and they aro not differentially stained as seen m the earlier 
stages When the globular form of the embryo is reached, the tapetal layers begin 
to be crushed by the endosperm tissue Along with this the destruction of the in- 
tegumentary tissue also begins The nuclei m those oells degenerate, the oells become 
loose, and the walls also disorganise gradually When the ootyledonary lobes of 
the embryo are just differentiated, the integument beoomes greatly disorganised, 
large cavities appear in the tissuo, and only disintegrating loose oell walls are 
present. 
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With the growth of the endosperm tissue as well as that of the mioropylar 
haustorium, a oonstriction is producod at the junction of tho latter and the endosperm 
This is evidently due to the longitudinal stretching growth of the endosperm and the 
haustorium pan passu with the growth of tho ovule as a whole 

It is interesting to note that when tho micropylar haustorium has reaohed the 
maximum development, the ondosporm cells bordering the latter at the constricted 
region become very large with rich contents and larger nuclei They evidently 
resemble the micropylar haustonal cells of the earlier stages It also appears that 
these have an absorbing and conducting function r< somblmg those that hav e been 
observod at tho chalazal ond bordering tho disintegrated haustorium 

The growth of the endosperm tissue is not uniform Tt extends unilaterally 
on ono sido of the chalazal end of the ovule (Pig 02) As a response to this the 
ovule also begins to grow on that sido as a knob like protuberance (Pig 63) Con- 
sequently, the rounded shape of tho ovulo beiomes angular giving a different appear- 
ance altogether The growth of the ovule at tho chala/al ond is thus limited and 
it is pushed at one side at a later stago when the ondosporm has extended considerably 
(Pig 64) 

It will be noted from what has boon said above that the form of the mature 
seed is not a consequence of an uniform enlargement of the ovule but it is the result 
of an unilateral growth initiated at the response of the growing endosperm in a 
particular direction This feature is of importance in computing the developmental 
stages of the seed m this species with those met in other mombcis of this family, 
so far studied 

Leonurus sibincus — Considerable difin ulty was experienced to follow tho deve- 
lopmental stages due to the peouliar orientation of tho chalazal portion of the 
embryo-sac (wherein the ondosporm tissue develops) The deeply staining nature 
of the colls in the primary stages, and the further curving of the chalazal region 
which gradually approximates the micropylar < avity in later stages inaki s tho study 
difficult In fact Junoll (1937) has admitted m studying Sulentvt ond Physostegui, 
the genera resembling Leonurus m structural complexities that he could not study 
tho developmental stages due to some of those impediments and he has described 
only a few mature stages of endosperm of Leonurus cardtaca without any illustration 
He does not throw any light on the early developmental stages of ondosporm in 
S\dent\s, Physostegui and Notochaete which can provide any basis for comparison 
with Leonurus In tho prosent investigation, however, all tho details have boen 
worked out which present on critical examination an immense amount of variation 
in. structural and developmental sequences 

Considering as a wholo the development corresponds to two major typos and the 
first type can again be conveniently divided into two sub-types Besides, other 
variations have also been described bolow, indicating tho probable stages m the 
major types and sub-types from which thoy might have been derived 

In all the types the first division of secondary endosperm nuoleus is always 
followed by a transverse wall dividing tho embryo-sac into a smaller chamber towards 
the ohalazal end and a larger chamber consisting of the rest of tho upper chalazal 
portion as well as the micropylar sub-division of tho ombryo-sao (Big 68) The 
mam criterion for distinguishing the two types is the nature of the second division 
in the upper chamber as to whether it is followod by longitudinal or transverse walls 
The descriptions of the different types and sub typos are, however, oxteudod up to 
the stages in whioh the micropylar haustonal apparatus is initiated 

Type I . — The upper chamber divides by a longitudinal wall at right angles to 
the transverse wall already laid down at tho first division This longitudinal wall 
does not divide the upper ohamber completely as in A msomeles but it extends only 
to the mouth of the ohalazal portion (Figs 69, 73) The entenon for separating 
the first two sub-types under the relevant type (Type I) is the orientation of this 
longitudinal wall, i e , whether the plane of the latter is at right angles to the plane 
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68-84 Leonurtta nbtneua Various stages in the development of endosperm and haus 
tuna Only i halazal portion of the embryo sac is shown in all figures (excepting Fig 60 
ami i<ig 74), since the endosperm develops in this region Only outlines of cells and 
nuclei represented Figs 60-72 —Stages of the sub type A of type I Figs 73 78, 77 — 
Stages of th< sub typo B of type I Figs 76, 78-79 —Stages of type II Figs 80-84 — 
Abnormal configurations of the endosperm representing mixed typos of development 
All figures excepting Figs 69 and 74 are shown at a magnification of X 280, Figs 69 
and 74 x 180 Bee text for details 
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of the section or not There can be no ambiguity m utilising this criterion because 
it is in a single piano of the ovule that we can see the structures of the developing 
endosperm m its proper perspective 

Sub-type A — In this sub type, the plane of the longitudinal wall is at right 
angles to the, plane of the section and therefore this wall is visible (Fig 69) The 
nucleus of the lower chamber divides onoe without the formation of a cell wall 
As will be pointed out later, tho two resulting nuclei do not divide any moio but the 
wholo chamber is directly transformed into a bmucloato chalazal haustorium which 
gradually grows m size 

The longitudinal cells produced at the second division in tho upper chamber 
divide again, almost simultaneously, followed by transverse partitions (Fig 70) 
Thus throe tiers of cells are produoed m which tho two upper tiers consist of two 
cells each and a lowermost tier composed of a bmucloato coll Tho colls of tho 
middle tier divide longitudinally (Fig 71), but thoso of tho uppermost result m tho 
formation of four nuclei tho two upper nucloi being separated by transverse walls 
laid down at tho mouth of the chalazal opening (Fig 72) (cf Fig 54 in Amso- 
meles) These two upper nuclei aro tho primary haustorial nuclei whioh are thiown 
into the micropylar cavity to form a multinucloato haustorium b\ rapid divisions 

Sub-type B — The longitudinal wall of the second division is oriented m the 
plane of the section so that one can see two nuclei in different foci representing tho 
two cells (Fig 73) Tho chalazal haustonum is organised from tho lowoi chamber 
as in the first sub-type The oells of the upper chamber divulo transveisoly giving 
rise to four cells and the whole thing results in a three tiered endosperm corresponding 
to Fig 70, in the sub-type ‘A’ (Fig 74) All tho four nuclei divido simultaneously 
(Fig 75), but the result is somewhat different from the first sub type Hero tho 
two cells of tho middle tier divide transversely instead of longitudinally as in sub- 
type ‘A’ Fig 77 shows a little later stage wheio the lower cell resulting from tho 
transvorse division of one of the oolls in tho middle tier has again divided longi 
tudmally Tho two cells of tho upper tier also divide transversely followed by 
walls so that two free nuolei aro separated out in tho micropylar portion of the 
embryo-sac 

It is now clear that m both the sub-types, the cells of the upper tier of tho 
throe tiered stage of the endosperm do not beiome directly converted into the 
mioropylar haustonum but they divide again, and a part of the endosperm which 
lies at the constricted portion of the embryo-sac is derived from this tier, the other 
part being converted into a free nucleate haustorium 

Type II — In the type under consideration, after the fust transverse division 
the spindle in tho upper chamber is oriented longitudmally so that it necessarily 
results m a transverse division (Fig 76) A three tiorod stage homologous to that 
of the first type is formed the difference being that m this typo tho two upper tiers 
are composed of one cell each The lowermost coll is, howovor, bmuclc ate as in the 
previous typo Fig 78 shows a little advanced stago than this, in whie h tho middle 
cell (tier) has divided longitudinally In Fig 79 again, one observes that the middle 
cell has divided by a dome sha]>ed oblique wall, whereas the nuc lous of the uppermost 
coll is m a state of division in the longitudinal direction (i e it will result in a trans- 
verse division) Though this type could not be followed to the end the few stages 
clearly establish a different typo of endosporm development It is probable that 
the nucleus which is in a state of division (Fig 79) sets free a nucleus in tho mioropylar 
cavity to develop into the haustonum This is also supported by some of the 
peouhar configurations described below (Figs 82-84) 

In one instance, of the two longitudinal cells of the middle tier m tho three-tiered 
stage of the first sub-type 'A’ one cell has divided longitudinally and tho other 
transversely (Fig. 80) This may be regarded as an intermediate foim between the 
first two sub-types, sinoe here we find both longitudinal and transvorse divisions of 
the middle tier. Fig 81 shows another oase which is essentially a denvative of the 
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second sub-type and which possesses the characteristics of the variations of the first 
sub-type just desonbed abovo Here in tho middle tier (of fi*. ffil ono of the longi- 
tudinal superimposing colls has divided longitudinally while theother has divided 
transversely Tho divisions of the uppermost tier have taken place as usual (cf 
Fig 77) the only difference being that the lower two colls are seen to bo separated 
by an oblique wall In tho lowermost tier, however, ono finds a two-celled ohalazal 
haustonum and this fi ature is to be noted as an exception A similar two-celled 
chalazal haustonum has been noted m another instance 

Two more abnormal cases have been observed, tho essential feature of which 
is that the sequence of divisions follows tho first type in tho primary stagos, but 
later shows tho second type of dovelopmont Fig 82 shows that tho two cells of 
tho middle tior are separated by an oblique longitudinal wall which is transverse 
in effect , that is, one of tho colls is blocked by tho other, this is probably an aberrant 
form of the stage ri presented in Fig 69 whore the spindle was a littlo oblique In 
the upjieimost chamber ono finds throe superimposed cells which have almost 
completed divisions Theso throe cells muBt have been produced by the cell derived 
trom tho transverse division of the upper cell of the middle tier 

Figs 83 and 84 illustrate casos which can be explained as follows After the 
second division as in Fig (>9 tho cell away from tho ‘primitive endosperm lobe’ has 
divided longitudinally ‘Z ’ while the cell on tho side ol the latter has divided obhquely 
to pioduco two cells ‘X’ and ‘Y’ of which ‘Y’ produced a sones of transversoly 
onentc d cells ultimately setting free a nucleus at the raieropylar cavity, which by 
free nuclear division has organised the two primary haustorial nuclei In Fig 84 
the cell ‘X’ has been shown to divide longitudinally after tho oblique transverse 
division 

Examination ot later stages of tho endosperm development shows that sub- 
type ‘A’ of the first type is tho predominant typo though the othor typos also occur 
in sufficiently largo number ot cases to warrant their generalisation The ultimate 
result in all the dev c lopmental ty pes is tho same, via , the formation of a multinuoloate 
micropylar haustonum from the freo nuclei sot out by the endosperm cells, a 
bmuoloatc < halazal haustonum which is also endospormous m origin, and a central 
endosperm tissue Exceptional casos of two-celled chalazal haustonum have already 
been descnbed 

The intcropylar and chalazal hauetona — The large micropylar cavity of the 
original mature cmbryo-sac becomes converted in a haustonum with free nuclei 
embedded in it Tho one or two nuclei originally produced by tho endosperm as 
tho primary' haustorial nuclei rapidly multiply by division Tho number of nuclei 
actually pioduced is found to bo variable Only six large nucloi have boen found 
m a fairly mature haustonum, whereas twelve nuclei oocur in a young haustonum 
As many as sixteen nuclei are prosont in a few oases (Fig 88), though other numbers 
like eight and ton aro also common On examining a large number of mature 
haustona twelve seems to be tho most goneral number (Figs 89-91 ) It may be re- 
called that in Leonurua cardtaca Billings (1909) claimed tho number to be four to 
six, whilo .lunell (1937) eountod eight and sixteen in two casos of the same speoies 

Tho micropylar haustonum bogms to enlarge laterally destroying the mtegu- 
mental tissue with tho simultaneous increase m size of the ovule which also grows 
vigorously When tho endosperm has grown to the size of the micropylar hausto- 
num (Fig 88) a constriction is produced at the junction of the two Junoll (1937) 
refers to this constricted portion in Leonurus cardtaca os a long canal But so far 
as this specios is concerned it cannot be descnbed as a long canal as is found in 
other genera like Stachya (Schnarf 1917), Sxderttia, MoluceUa (Junell, 1937) eto * 
However, the longth of the constriction is not maintained long as tho growing 
endosperm gradually pushes the micropylar ohamber which also begins to enlarge 


Unfortunately Junell has not illustrated any figure of Ltonurtm cardtaca. 




Flos 85-02 Leonunu atbtncua Later stages in the development of endosperm and houstoria 
Figs 85 86 — Endosperm tissue just oxtemluig along 'prumtive endosperm lobe’ Oospore 
entering into endosperm Z — Oospore x 180 Fig 87 —Young stage of the developing 

hauitoria, endosperm and oospore xl!5 Fig 88 — 'Later stage with 16 nucleate 
imoropylar haustorium. X 70. Fig 80 — Still later stage showing degenerating ohalazrl 
haustonum, massive endosperm and embryo and active micropylar haustorium (12 
nucleate) x 38 Fig 00 — Bather immature 12 nucleate mioropylar haustorium 
Note persistent suspensor tube with smaller nuolei xU5 Fig 01. — Mature micropylar 
haustorium. X 115 Fig 02 — Chalasal haustorium x 180 
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at tho basal portion laterally (Fig 89) Measurements show th at th is is 209/t long 
and 104/x broad at the mature embryo-sac condition, whereas aWIW mature haus- 
torium stage it bocomos 182 p broad at the basal region, the length becoming reduced 
to 1 43/x (Fig 89) Thus the change m shapo is effected by the inorease m size laterally 
and the simultaneous pushing of the basal portion by tho growing endosporm 

The nuclei in tho micropylar haustona enlarge enormously and become 26/t- 
33 8/i long and 14 4/t-20 8p broad in the mature stages They are elliptical or ovoid 
in shape as in Antsomeles The cytoplasm also bocomos dense and takes up so muoh 
stain that it becomes often difficult to make out the outline of tho nuclei 

Aftor setting free tho primary haustonal nuclei in micropylar oavity the endo- 
sperm begins to grow in bulk mainly along the ‘primitive endosperm lobe’ bulging 
out, as it were, in the direction just opposite and almost in the same lino with the 
micropylar cavity It extends both laterally as well os longitudinally, tho growth 
being restricted to a particular direction already determmed by tho ‘primitive 
endosperm lobe’ The ehala/al region of the endosperm with its haustonum is 
pushed to one side approximating gradually tho mioropylar oavity (Figs 85-89) 

The chalazal haustonum begins to function during the early stages of endosperm 
u ht'ii tho mi< ropylar haustonum is still in tho procoss of differentiation It reaches 
its maximum development when the endosperm has grown considerably, the embryo 
has become a globular mass, and the micropylar haustonum has just started func- 
tioning Tho nuclei of tho haustonum become hypertrophied being as large as 
those attamod later by the micropylar haustonal nuclei The oytoplasm is also 
markod by its rich contents (Fig 92) It is notable in this connection that during 
its development tho chalazal haustonum is drawn partly into tho endosperm 
evidently duo to tho strotihing of this part along with the extension of the endo- 
sperm Home portion, however, remains outside the endosporm area to connect 
tho vascular trace fiom which tho food matters are transported (Figs 88, 89) 

The fate of the lntegumcntal tapetum is Bomewhat different from the corre- 
sponding stage in Amsomilea The jaokot portion surrounding the ‘primitive endo- 
sperm lobe’ is immediately destroyed as tho endosperm grows in this particular 
direction breaking through the tapotum, as it wero Their identity is altogether 
lost except at tho constricted region, tho most conservative part of the integument, 
whore least growth either of the endosperm or of the integumont takes plaoe The 
individuality of the other side of the jacket is retained for a short time but this also 
gives way with tho progressive pushing of the chalazal region which is brought 
close to tho micropjlar oavity at tho maturo stages The tapetal colls at tho oon- 
stneted portion is disorganised only when the endosperm progresses in this upward 
direction at a rathor advanced stage 

The disorganisation of tho integument tissuo is apparent when the embryo 
attains a massive globular structure Jt is first visible in the form of cavities at tho 
lower region bordering tho growing endosperm tissue Gradually other cells also 
become loose with their nuclei showing signs 6f disintegration It is interesting to 
note that the same thing happens simultaneously to the endosperm cells bordering 
the embryo (Fig 89) 

An interesting case of the endosperm has been observed where all the cells 
are multinucleate with very dense cytoplasm and prominent nuclei just like a mature 
haustonum The embryo appears unusually vacuolated and disfigured and the 
integument is much more alveolated Tho whole structure is in striking contrast 
to the normal cases where tho endosperm is active only at the region bordering the 
integument and disorgamsod at the portion surrounded by the endosperm 

The further growth of the endosperm tissue in the upward direction gradually 
begins to obliterate the micropylar haustonal region which reaches its final form 
when the cotyledons have differentiated distinctively The haustonum is almost 
completely effaced as the embryo assumes nearly its full size Seotion of a very 
mature embryo shows only one or two layers of the integument at the two extremities 
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of the embryo and it is probably completely destroyed at a time when the seed falls 
off A few layers of endosperm are also seen at this stage filled with deeply stained 
reserve matters which indicate that some amount of endosperm persist in the 
mature seed 

Development of the Embryo — A considerable time elapses between the first 
division of the secondary endosperm nucleus and the first division of the oospore 
In fact the latter process takes place whon a fair amount of endosperm tissue is 
formed The oospore elongates extensively as a single cell forming a long tubular 
structure It traverses the whole micropylar cavity in this condition and enters 
the summit of tho endosperm tissue at the mouth of the chalazal portion of the 
embryo-sac (Figs 69, 74, 86, 86 m Leonurus , Figs 61-56 in Amaomeles) The 
greater length of the micropylar portion in Leonurua necessitates an equally long 
tube to pass through, ami < onsequently this structure is muoh longer than that of 
Antaomelea where tho micropylar portion is relatively shorter The entrance of tho 
oospore into the endosperm is very interesting in Leonurus where it has been found 
to break through tho wall of one of the two endosperm cells lying at the constricted 
region of the embryo-sac and pass into the endosperm tissue destroying immediately 
the oell in question (Fig 86) The process reminds one of the entranoe of the pollen 
tube through a synergid Even after onteimg the endosperm tissue it does not 
divide, but still goes deeper, taking a more or less central position in the endosperm 
mass (Fig 87) 

Tho dotails of the development of the embryo have been followed ill Leonurua 
aibxncua and therefore tho following account refers to that species only 

The first division of tho oospore is iollowod by a transverse wall forming a two- 
oelled pro ombryo Both the apical and basal cells now divide, tho former longi- 
tudinally and tho latter transversely, producing a tetrad pro-embryo (Fig 93) The 
two juxtaposed cells at the apox then divulo almost simultaneously (Fig 95), or one 
before tho other (Fig 94) by two vi rtical walls giving rise to a quadrant embryo at 
the tip (Fig 96) Just after this, the four cells of the latter divide periclinally to form 
four long outer colls and four innei cells, and not transversely as in most other 
angiosperms (Fig 97) The dermatogon is thus differentiated with the formation 
of the octant embryo, where all the cells are arranged in linear files msti ad of being 
formed mto transverse layers An abnormal configuration illustrated in Fig 98 
indicates that transverso division of tho colls of tho quadrant embryo may also be 
initiated In fact this stage represents an intermediate form between the two 
types An exactly similar aberrant pro-embryo has been found by Soueges (1921) 
m Qlechorm hederacea 

The division of the basal colls of tho tetrad pro-embryo is initiated simultaneously 
with those of the apical i ells The formation of colls d and / by the division of tho 
middle cell of the tetrad pro-embryo is completed before tho quadrant embiyo is 
developed (Figs 94, 95) after which tho lower cell c» divides transversely to form two 
cellB n and n' , the upper cell n again divides to form two transverse cells n" and n'" 
(Figs 97, 98) Those divisions also take place before the octant embrvo is formed 
The basal cell of the pro-ombryo therefore gives rise to five cells viz d,f, n'", n" and 
n' It must be noted m this connection that tho products of the oell n(ie the cells 
d and/) are generally unequal, the uppei cell d being smaller than the lower cell/ 
The apparently very small size of tho cell d represented m Fig 97 is perhapo due to 
a curving of the pro-embryo at that region, which is also mdicated in the later stages 
Moreover, the partition between these two cells may also be obliquely oriented, 
being inserted at one end of the horizontal wall of an octant oell (Figs 98, 103) 

The senes of divisions (mostly transverse) which follow after the separation 
of the dermatogen layer both ip the latter as well as in the four axial cells results m 
the differentiation of the different parts destined to be formed m the mature embryo 
Figs 99-102 illustrate a little later stages where further tangential and transvorse 
divisions of the inner cells have taken place. These figures show the differentiation 




Figs 93 112 Leonurua sibwxcut Stages of the development of tho embryo Figs 93-96 — 
Pro-embryo Fig. 97 — Penelmal division of all the quadrant cells (?) in Fig 99 has resulted 
m four outer donna togen cells (1, 2, 3, 4) and four inner axial oells Fig 98 — Abnormal 
octant stage showing both transverse and tangential divisions Figs 99 100 —Showing differ 
entiations of the histogens of the embryo l — stem tip and cotyledons; I' — hypocotyl Figs. 101, 
108 — Differentiation of penblem (pr) and plerome (pi) Figs 103-106 — Diverse mode of wall 
formation at the hypocotyl region Fig 106. — Showing the produots of hypophysis cell, 
pr — penblem, pi —plerome Fig 109 — Completion of root-cap by tangential divisions of the 
dermatogen cells of the hypocotyl Figs. 110-112. — Abnormalities Figs 93-106 and 112 — 

X 400 Figs 106-108 and 110 111 Fig 109.— xl86 RA — Root— apex. KC — 

Root-Pap. For details see - text 








J K GANGULY STUDIES IN THE EMBRYOLOGY OF ANISOMELES IND1CA O KZE, ETC 201 

of the three histogens in different developing stages Fig 101 shows that the inner 
octant oells which have produced two transverse layers of cells have again divided 
tangentially to give rise to a layer of periblem (pr) on each side below the dermatogen 
and two inner layers of plerome (pi) The demarcations of tho different parts of the 
pro-embryo are also clear The apical row of cells ( l ) in Fig 101 constitutes the 
cotyledon and stem apox, while tho lower layer (V) represents the hypoootylar 
region 

The differentiation of tho hypophysis which also takes place simultaneously 
with the distinct separation of the layers l and l' does not follow any stnot rule 
with regard to the corresponding stages of advancement of the hypoootylar tissue 
All the Figs 99—103 show that tho coll d has divided into two apparently unequal 
cells, either by a straight horizontal wall or by a curved wall thus clearly establishing 
its hypophysial nature by inserting the wall on tho dermatogen oells of tho hypo- 
cotyl Fig 103 illustrates a case whoro an oblique wall has been laid after the 
division of the coll d, one end of tho wall being inserted on the peripheral membrane 
of the pro-ombryo, as has been reported by Rouogos (1921) m Mentfui vindte The 
separating wall may oven he entirely on tho proembryonal membrane (Fig 104, 
whore both the cells have agam undergone vortical anil oblique divisions respectively), 
tho lower cell from d actually forming a part of the susponsor thus extending the 
differentiation of the hypophysis to a later stage Soueges (1921) expected such a 
sequence in Mentha and Qlechoma but could not a< tually detect any such case The 
upper cell of the products of d appears narrow (Figs 99-102) possibly because of the 
curving of the embryo at this region as already suggested 

The first horizontal walls appear in the layer l' after the differentiation of tho 
two cells of periblem on two sides and two cells of plerome at the centre (Fig 99) 
When the cotyledonary lobes have just differentiated there appoar two layers of 
periblem and two layers of plerome on each side of tho hypoootylar axis just below 
tho hypophysial derivatives (Fig 10b) Tho outermost layer of tho plerome oells 
is the penoycle 

An interesting ease of a ponchnal division of a dermatogen coll to add to the 
periblem of the layer l has been observed (Fig 100) This is significant in that it 
may contribute to a precocious differentiation of the root cap 

Tho contributions of the hypophysis to the embryo is the next important con- 
sideration Both the oells derived from d usually divide vertically producing a 
tetrad hypophysis (Figs 101, 102, 105) but tho lower may exceptionally segment 
transversely adding to the susponsor filament (Fig 99) The two lower oells of the 
tetrad hypophysis divido tangentially to produoo four cells which give nse to the 
median portion of the root-oap by further vertical divisions (Figs 106-7, RC) The 
two upper oells derived from d contribute to tho root apex by continuing vertical 
divisions (Figs 106-8, RA) or both by vertical and transverse divisions (Fig 109, RA) 
In tho uppor portion of the root on the two sides tho two root cap layors are 
joined by the tangential divisions of tho dermatogen pertaining to tho hyjwcotyl 
where it extends to a certain distance (Figs 108-9) 

Several irregular configurations of cells of the hypophjsial region have also 
been noticed as illustrated m Figs 110-112 It is interesting to note that Soueges 
(1921) has also observed similar abnormalities As stated by him it is impossible 
to trace the sequence of divisions which lead to these configurations 

Discussion 

A Development of the ovule and integuments — Working on Labmtae Sohnarf 
(1917) and Junell (1937) have generalised their opinion regarding the nature of the 
ovule whioh they consider as •anatropous But the course of ourvature of the ovule 
in Leonurus sibincus shows that though m tho primary stages (up to the formation 
of the tetrad of megaspores) tho ovule curves along the fumcle, whioh is the feature 
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of anatropous forms, it begins to bend along the body of the ovule in the later stage 
Due to tins the micropyle forms a long curve and consequently th yna ture embryo- 
sac presents a shape m which the longitudinal axis of the latter Sohrved along a 
definite angle It is therefore obvious that the ovule in Leonurua cannot be strictly 
described as anatropous, and a semi-r ampylotropous form would be the proper 
designation 

An interesting feature of the ovule is the development of a massive obturator 
The presenoe of an obturator has been reported m this famdy by Narasimha Murthy 
(1940) in Octmum species, Ruttle (1931-32) in Mentha and Lycopus and Bushnell 
(1936a) in Monarda species According to Bushnell it is absent in Nepeta catana 
and the sketches of Sharp (1911) ami Junoll (1937) indicate that it is absent in most 
of the genera studied by them except in Hormium pyrenatcum (June]], 1937) Thus 
it appears that this structure is not universally present in tins family The presenoe 
of pollen tube along the obturator suggests that the latter acts as a guide to the 
pollen tube The occurrence of the obturator therefore indicates a special adaptive 
feature taken up by genera of diverse affinities, and cannot be attributed to a pro- 
gressive evolutionary lino in this family 

B Development of the megaspores and the female gametophyte — The degenera- 
tion of the upper three megaspores of a linear tetrad from below upwards observed 
in both the species studied is a unique feature in contradistinction to the most 
general condition of degeneration from abovo downwards as observed by Junell 
(1937) in soveral speoies of Labiates, Narasimha Murthy (1940) m Octmum species 
and Bushnell (1936a) in Monarda 

The degeneration of the non-functional megaspores and the nuoellus which 
starts more or less at the two-nucleate stage of tho embryo-sac m Leonurua and 
Antaomeles (vide text) has also been observed by Junell (1937) in Pogoatemon pat- 
chouli, Hormium pyrenaxcum and Lavandula a pica In Leonurua the mogas pores 
and in Antsomeles the nuoellus completes degeneration only at the initiation of the 
four-nucleate stage Such a late degeneration of the megaspores and nuoellus Roems 
to be characteristic of this family 

The shape of the maturo embrvo-sac in different members of the Labiatae is 
worthy of consideration Schnarf (1917) lias already pointed out that in the majority 
of Labiatae with a few exceptions, the embryo-sac is differentiated into two parts, — 
‘a lower narrow part surrounded by epithelium and an upper broadened part whose 
surrounding is not epithelial’ Carlson and Stuart (1936), however, found out two 
distinct forms of female gametophytes m the same genus Salvia — a short form 
without a bounding epithelium in S splewlens, S leucanlha, S greggu, distinguished 
as the S splendens type, and a long form with a bounding epithelium extending 
about two-thirds the length of the gametophyte in S meUifera, S apiana, and 
S columbanae — designated as the S mellifera type Junell (1937) added to some 
of the exceptions and stated that in TjaUemantm tbenca and Salvia tilufolia, the 
distinction between the two parts is not possible It seems that tho latter species 
would come under tho <S splendens type of Carlson and Stuart (1936) 

From a comparative study of the form of ombryo-sac in Antaomeles, Leonurua 
and those of other speoies described previously, two distinct types of gametophytes 
can be distinguished amongst those characterised by the presenoe of an epithelial 
jacket A ntaomelea and Leonuru a represent each of the types respectively Leonurua 
agrees with the type of gametophyte where the upper micropylar part is very broad 
and long and the lower ohalazal portion surrounded by tho tapetal jacket is com- 
paratively much narrower and shorter This type is also illustrated by Sidentia, 
Phyeostegut, Notochaete, Plectranthee, etc Amsomeles on the other hand can be 
conveniently grouped with the proposed second type of gametophyte where the 
micropylar part is comparatively shorter m length and the ohalazal portion is not 
much narrow, and this form is exemplified by Hormium, Pogoatemon, Molucdla, 
Lavandula, Zizvphora, Perowskta, Salvia splendens, etc Other genera like Ocimum, 
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Hyptu, etc would then be intermediate in character It is to be noted further that 
m the two types thus distinguished the post-fertilisation developments agree in their 
general features 

The structure of the gametophyte as observed by Narasnnha Murthy (1940) 
in Anisomeles does not agree with my observations The present study reveals a 
perfectly rounded base and a long pom tod upper portion of the synorgids and this is 
inconsistent with Narasnqjia Murthy’s figure which shows a flattened base and a short 
upper portion The size and arrangement of the antipods is also at vananoe with 
the observations of the said author It will bo of interest to note m this connection 
that Carlson and Stuart (1936) havo found the antipodals to consist of nuoloi in 
Salvia species 

The disintegration of the antipodal (ells before fertilisation has also been noted 
by Schnarf (1917) and Bushnell (1936a) Junell (1937) lias referred to the antipodals 
in Labiatae he studied as ‘inconspicuous’ but that is probably because ho found them 
m later stages when they generally degenerate Such ephemeral antipodals have 
been reported in diverse families, o g , Potamogetonacoao, Rubiaceae, Solanaceae, 
Verbenaoeae, oto 

Sohnarf (1917) stated that fusion of polar nuclei before fertilisation is a charac- 
teristic of Labiatae, but as observed in Anisomeles, Junell (1937) also montions tho 
occurrence of polar fusion at the time of fertilisation in Lyropu s europaeus and in 
certain species of Mentha , and he has also found indications of this condition in 
Pogostemon patchouli So the general statement mado by Schnarf (1917) soems to 
be invalidated 

G Abnormalities in the development of megaspores and embryo-sac and related 
structures — The occurrence of a number of cases of a multiple archesporium has 
already been desoribod Schnarf (1917) and Strasburger (quoted by Sohnarf) have 
noted tho presence of two arohosporial cells in Galaeopsis pubescens, and Lamivm 
respectively Junell (1937) has reported the presence of potential archesponal 
cells m MoluceUa and Pogostemon around tho baso of tho developing megaspore 
mother cells as also in earber stages Multiplo archesporium has boon recorded in 
numerous other families, but its origin is a debatable question It may be derived 
from one archesponal cell as indicated in Figs 21, 22 showing two superposed 
megasporo mother cells Alternatively, the multiple archesporium observed at such an 
early differentiation of the ovule as also the position of tho arohosporial cells (hypo- 
dermal and two sub-hypodermal layers) point to the possibility of their individual 
differentiation 

The formation of two megaspore mother oells, double and multiple tetrads 
some of which show all megaspores having a tendency to function have been recorded 
m the text The similar development of two megaspore mother oells has been 
observed by Junell (1937) in Pogostemon patchouli where he found in ono instanoe 
two tetrads developing side by side Furthermore, in the later stages in Ijeonurus 
two to five embryo-sacs have been seen to develop sido by side, ono of them reaohmg 
up to the eight-nucloate stage 

It is therefore not very difficult to explain the occurrence of double and multiple 
embryo-sacs It is very bkely that from the double and multiple archesporium the 
double megaspores are formed, the latter again resulting in the doublo tetrads 
(Fig 24A) out of which only tho two chalazal megaspores developed into the charac- 
teristic double embryo-sacs The multiple embryo sacs can easily be contemplated 
to arise from the functioning of five of the megaspores of the tetrad complex in 
Fig 25, which possibly resulted from a doublo or multiple archesporium and mega- 
spore mother coIIb Unfortunately no preparation has been obtained whioh shows 
a degeneration or differentiation into typical mature embryo-sacs of one or more 
gametophytes of the double and multiple embrvo-saos respectively However, it 
seems that ultimately only one of these functions by the suppression of others, as 
such a tendency is indicated by the several instances in the double embryo-sacs 
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The occurrence of double and multiple embryo-sacs has been reported for a long 
timo in a number of families Coulter and Chamberlain ( lflO^ Isum marised com- 
prehensively the occurrence of such abnormal gametophytes in angfPBperms Hurst 
(1931) found two archesponal cells developing up to tetrad in Rosa mollis, and more 
than one embryo-sao m diploid and polyploid species of Rom More recently Joshi 
and Venkateswarlu (1935) in Lawsoma, and Bhaduri (1935) in Withamnia, Physahs 
and NicoUana have recorded the occurrence of more than one ombryo-sao (see 
also Pun (1914) m Mortnga oletfera ) 

Compton (1912) m Lychnis alba x L floscoculi and Woodworth (1930) in Alnus 
rugosa have attributed this occurrence of doublo and multiple embryo-sacs to tho 
hybrid origin of the plants concerned The occurrence of tho multiple embryo- 
sacs m families which are absolutely unrelated does not permit to make out phylo- 
genetic significance Only thoso cases whore all the megaspores of the tetrad seem 
to function can be said to have analogy with the microspores 

The abnormal occurrence in Amsomeles of bmucleato and trmucleate colls in 
the chalazal and lateral region of the nucellus below tho megaspore mother cell and 
subsequent stages needs consideration Bhaduri (1935) found a chalazal nuoellar 
cell to be binucleate in Brunfelsta Since ho found previously in Sohmurn melongana 
a chalazal nucellar coll functioning as a megaspore mother cell up to tho linear tetrad 
stage, he concluded that in Brunfelsia the binucleate chalazal coll, which has boon 
followed up to the four-nucleate stage might represent a stage in ‘Lihum type’ of 
embryo sac development, ‘since no partition wall has been observed during the 
binucleate condition’ But such a conclusion seems to be untenable in the hght of 
the present investigation in Anisomeles, where a number of binucleate and trmucleato 
nucellar cells persist characteristically through tho different stages of development 
and ultimately the nuclei degenerate, and further in the abnormal dyad and tetrad 
stage the two epidermal nucellar cells at tho tip are binucleate, and in one of them, 
again, the nuclei are found to be m a fusing state (Pig 40) 

Another feature of structural importance in the embryo-sao of Leonurus is the 
rounded chalazal portion ('pr end l ’ in Fig 34) which I have called the ‘primitive 
endosperm lobe ’ The terminology is based on the designation of a Bimilar structure 
in Physoetegui by Sharp (1911) who found a small protrusion of tho ombryo-sao at 
the same position which he termed ‘endosperm lobe’ on tho ground that ‘it is soon 
to contain all the endosperm formed’ Sharp’s figure shows that the whole of the 
extremely narrow region including tho ‘endosperm lobe’ exceptmg the antipodal 
end contains the first formed endosperm cells * In Lconurus also this portion of 
the chalazal region of embryo-sao contains all the endosperm cells formed primarily, 
and the chalazal haustorium lies at tho extreme end of tho embryo-sac In faot 
the structural difference in tho two genera lies in a precocious enlargement of this 
portion in Physostegia In Lconurus the endosperm colls grow m the same direction, 
and it is difficult to distinguish the structure m tho two genera at a little later 
stage It, therefore, seems justified to call the particular region of the embryo-sao 
of Lconurus as ‘primitive endosperm lobe’ which appears as a prominent protrusion 
in the mature embryo-sacs of genera like Physostegia and Notochaete 

D Integumentary tapetum — The occurrence of tapetal jacket of the integu- 
ment surrounding the lower part of embryo-sac is almost universal in this family 
exoept m a few species of Salvia (Carlson and Stuart, 1936) and Lallemanha ibenca 
(Junell 1937) It is present in the majority of the sympetalous families as a charac- 
teristic structure The restriction of the tapetal jacket to the lower portion of the 
embryo-sac is also a characteristic of the Labiates, but this is also found m several 
members of the Scrophulanaoeae, and Lentibulariaoeae (Kausik, 1038) 


* The narrow antipodal region of Physostegia mrgtmana oontains the ohalazal haustorium, 
as shown later by Schnarf (1917) and not a hypertrophied binucleate antipodal cell as Sharp 
1 1 91 1 ) claimed earlier, 
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The significance of the tapetum from the functional point of view is a long 
debated quostion Diverse interpretations have appeared m accordance with the 
development and structure of the tapetum observed by investigators in different 
famihes In the late nineties of the last century, Bahcka Iwanowska (1 899) ascribed 
a nutritive function to the tapetum which was supported later by Goebel (1923) 
Palm (1915) expressed the viow that the tapetum serves as an embryonal tissue in 
the earlier stages and has the chief function of providing the transport of nutritive 
materials to the endosperm tissuo and embryo The idea of the digestive function 
of the tajietum suggested by Laviallo (1922) got support from Junell (1937) m 
Hyptia pechnata, where the author found the glandular development of the tajietal 
cells At cording ho Junoll, the tapetal cells in IJypUa helped in dissolving the 
integumontal tissue, and the absorption of the food matter from the dissolved 
mtegument takes place chioHy thiough the micropylar haustonum , he rejects the 
nutritional hypothesis in view of the cutmized nature of the tapetal cell walls 

The loss of identity of the tapetum m the post-fertilisation stag< s in Amsomehs 
and Leonurus and particularly at the very early stages of endosperm development 
in the latter genus would not lend any support to the theory of nutritivo and diges- 
tive functions in the later stages of seed development On the othir hand the con- 
spicuous form of the tapetal jacket in the earlier stages of embryo-sac development 
as well as the differential staining capacity from the outer part towards the innermost 
layers of tho integument comprising the tajietum indicate a function of nutrition 
to the embryo-sac in tho pre-fertilisation stages The greater development of the 
tapetal jacket on tho side of the ‘prmntne ondosporm lobe’ in Ltonurui and the 
rapid extension of the endosperm on this part only would favour the idea that tho 
memtomatic character of the tapetum helps in intercalary giuwth of tho integu- 
ment for the increasing size of the endosperm which grows chiefly along tho tapetal 
jacket in the primary stages This explanation of tho function of tapetum was also 
given by Schnarf (1921) and Svonsson (1925) 

The argument of a protective function of the tajietum to tho endosperm and 
embryo advocated by investigators of other families like Compositae, C'ainpanula- 
ceae, Scrophulariacoae, Podostemacoae, etc is out of question here as the tajietal 
jacket is non existent during those later stages 

E Endosperm and endoapermduiustorxa — Before embarking on any discussion 
of the development of endosperm and the comcident formation of the Imustonai 
apparatus, it is desirable to discuss Narasimha Murthy’a (1942) observations m this 
respect 

Narasimha Murthy has stated that ‘three primary tiers of two cells each are 
formed in the embryo-sac The uppermost cells divide once more by transverse 
walls into four colls which enlarge and organise micropylar haustorial apparatus’ 
But tho present study reveals that the two uppeimoat colls divide in such a manner 
as to produce two cells which lio below tho tapetal opening (Fig 54), and two upper 
cells which divide again and iorm the micropylar haustorial cells The derivation 
of the mioiopylar haustorial ctlls thus takes place entirely differently Further, 
ho lias not boon able to find out the other type, viz , the free nuclear division of the 
chalazal chamber ultimately converting into a haustonum The frequent variations 
m the number of micropylar haustorial cells cannot be expected from such a super- 
ficial study (see pp 207 208 for further details) 

It is now proposed to consider the position of the two genera m relation to the 
types of endosperm as determined perviously by various workers Tho entirely 
different nature of endosperm development leading to the formation of haustonum 
will also be pointed out 

As early as 1917 Schnarf working on a large number of Labiatae distinguished 
four typos of endosperm development m this family on the naturo of the second 
division m the two cells resulting from the transverse division of the secondary 
endosperm nucleus ScuUHarvi type (also in Proatardhera ) . — In upper as well as 
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lower chamber longitudinal walls are formed Brunella type (also m Saiureja, Thy- 
mus, Salvia) In the upper chamber a longitudinal wall is formed* The lower 
chamber is transformed into a bmucleate haustonum Oalaeopsis type (also in 
Pkysosiegui) As m ‘Brunella typo,’ the difference being that the chalazal ohamber 
is small and degenerate soon Stachys type — The upper chamber is divided by a 
transverse wall The chalazal chamber ih transformed into a bmucleate haustonum 

He furthor stated that in Scutellaria a cellular micropylar haustonum is formed, 
and in the rest the micropylar haustonum is composed of free nuclei, the number 
of nuclei being larger m ‘Stacliys typo’ and fewer in ‘Galaeopsis type’ 

Junell (1937) was the first to take exception to Schnarf’s classification when 
he stated ‘It is certainly best to consider the ‘ Galaeopsis type’ 'as a special case of 
tho Brunella tjpe’ In Salvia me lit fern Carlson and Stuart (1936) has described 
an unusual type of devolopnu nt, but their account is misleading They have 
stated that a bmucleate micropylar haustonum is formed pnmanly as a result of a 
division of the daughter nucleus derived from a division of the endosperm nucleus 
in which tho spindle was longitudinally oriented Curiously enough, they have 
neither figured nor described any transverse wall resulting from the latter division 
and in the legend of tho figuro the micropylar haustonum is described as two-oelled 
They further state that a longitudinal division takes place in tho lower daughter 
nucleus and one of the nuclei migrates at chalazal region and organises a binuoleato 
chalazal haustonum by one division, but again, they have figured a two-celled 
haustonum (according to tho explanation of the figure) In fact they have made a 
captious blending of the conception of cellular and free-nuclear structure which is 
of foremost importance in endosperm studios Their description of the S splendens 
type shows the development to be of the ‘Stachys type’ It is difficult to take tho 
account of S nielli fern as substantiated and probably a re-investigation will lead to 
the same conclusion for the latter species 

From the standpoint of Schnarf’s classification, Antsomeles would evidently 
fall under tho ‘Scutellaria typo’, when we consider the dominant type of develop- 
ment in the genus, i e , in cases, whoro a longitudinal wall is formed in the chalazal 
chamber Again according to tho second type, l e , when the chalazal chamber is a 
bmucleate structure, it t,ome s under the ‘Brunella type’ and particularly resembles 
Pogo8temon patchouli and Elsholtzia enstata, where Junell (1037) found a bmucleate 
chalazal haustonum associated with a cellular micropylar haustonum * Anisomeles 
indica, thus, evidently represents tho intermediate form between the ‘Scutellaria 
type’, which has boen considered as tho most primitive type on account of the un- 
differentiated collular haustonum, and tho ‘Brunella type ’ The transitional nature 
of the genus is further evidenced by tho occasional bmucleate micropylar haustonal 
cell (Fig 68) and one of the chalazal haustonal colls (Fig 67) — a tendency towards a 
free nuclear haustonal apparatus 

The pnmitive nature of the cellular haustona which is characteristic of the 
‘Scutellaria type’ is obvious m Antsomeles, where frequently the micropylar haus- 
tonal cells gradually merge into those of endosperm without a distinct demarcation, 
and this is very clearly represented by the occurrence of ten haustonal oells and a 
number of mtergradmg endosperm cells below It evidently indicates that the 
haustonal system is gradually evolved by the differentiation of the terminal cells 
of the endosperm developed for a better supply of nutrition to the embryo via 
endosperm The occasional presence of uninucleate haustonal cells (Fig 64) would 
suggest the same feature, where one terminal endosperm cell is devoted to the absorp- 
tion of nutritive materials 

The varied type of endosperm development m Leonurus presents a puzzling 
situation at the outset On the one hand, the first type (Type I) essentially follows 


* Actually, however, the 2 micropylar cells do not develop into a haustonal structure but 
degenerate early (Junell, 1937) 
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the ‘Brunella type’ in bo far a 8 the nature of the second division ib oonoemed 
(From Sohnarf’s point of view no distinction can be made between the two sub- 
types of the first type) The second type, on the contrary, unmistakably represents 
the ‘Staohys type’. Fortunately, however, all the intermediate stages between the 
different types and sub-types have been observed Tho abnormal configurations 
in Figs 80-81 represent the forms intermediate between tho first two sub-types 
Again, Figs 82-84 clearly represent tho stages by which the ‘Brunella type’ can give 
rise to ‘Stachys type’ It is particularly remarkable that in those abnormal cases, 
the development of tho endosperm primarily follows the more primitive ‘Brunella 
typo ’ and then gradually loads to tho ‘ Stachys type ’ by the adoption of transverse 
divisions On the other hand, in the abnormalities representing the first type 
(Typo I) which essentially follows the ‘Brunella type’, tho occasional prnsenco of a 
two celled chalazal haustonum illustrates tho primitive cellular condition of the 
chalazal hauatorium characteristic of the ‘Scutellaria type’, which thus reappears 
in the unusual coses This is a further evidence of a derivation of the ‘Brunella 
type’ from the ‘Scutellaria type’ {vide, supra) 

It is now clear that the observations of the varied types of endosperm dove 
lopment m Leonurua enables one to draw up the stages through which tho ‘ Brunella 
type’ gradually passed into the ‘Stachys typo’ Tho ‘Stachys type’ is undoubtedly 
tlie highest type of endosperm development in Labiatae with a highly differentiated 
multmucleate micropylar haustonum and a free-nuolear chalazal haustonum 

It is a matter of coincidence to investigate these species of Amsomeles and Leo 
minis concurrently, tho former showing tho evolution of' Soutellaria to Brunella typo ’ 
and the latter indicating the stages of derivation of the ‘Stachys typo’ from the 
‘Brunella type’ Even in the same speoies of Leonurua there are indications of the 
most primitive to tho highest typo of endosperm development from the standpoint 
of Sohnarf’s unmistakable classification 

Junell (1934, 1937) added Amethystea coerulea and Prostanthera lasuinthos to 
tho ‘ Sfiutellaria type’ and ‘probably Ajuga ’ to the ‘Stachys typo’ and stated that 
(apart from Stachys) in the S F s Lavanduloideae, Stachyoideae and Oi imoidoae, i e 
in the Labiatae with gynobasic styles, the endosperm development takos place after 
the ‘Brunella type’, the contributions of Schnarf (1917), Laws (1039) and Buttle 
(1931, 1932) confirming his statement But tho present study offers tho strongest 
criticism to such a generalisation, both being undor the S F Stachyoideae, Am- 
someles and Leonurua together show all the typos of development Narasimha 
Murthy’s (1940, 1941) accounts of Ocimum specios (S F Ocimoideao) and Leucaa 
asp era (S F Stachyoideae) show the developments to bo of the ‘Stachys type’ 
and these further do not support Junell ’s conclusion 

It is now desirable to consider the nature of the further development of ondo- 
sporm leading to the formation of micropylar haustoria as it differs from the processes 
described by the previous investigators 

Though Schnarf (1917) did not make any rigid statement in regard to tho further 
development of endosperm leading to tho formation of haustonal apparatus, Junell 
(1937) generalised a developmental sequence in the ‘Brunella type’ as follows ‘In 
the division of the central nucleus a transverse wall is formed The nucleus in tho 
basal cell formed thereby divides itself once without the accompaniment of a wall 
formation during this division In the upper primary cell a longitudinal wall is 
formed in oonneotion with their division, and in each of the two long cells formed 
thereby a transverse wall is laid down at the level of the tapetal opening or a little 
deeper In this stage one can distinguish between the different parts in the endo- 
sperm Below lie the basal, usually two-nuoleate oell Next to this and above, 
I have found two parallel cells These are usually surrounded by a tapetum layer 
and forms the beginning of a real endosperm tissue. The third part whioh includes 
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in general an upper broadened part of the embryo-sao usually beoomes formed 
into a haustonum like the basal cell ’ * 

It has already been pointed out how the present study in Antaomelea reveals 
the exact nature of the ondosperm and haustorial development differing from Nara- 
simha Murthy’s observations Still more interesting is the ocourrenoe of a similar 
feature m the developmental stages of Leonurua The descriptive portion has shown 
beforehand that tho micropylar hailstorm in both the sub-types of Type I is derived 
as a part of the uppermost cells of the three tiered stage of the endosperm Un- 
fortunati ly the last stage of tho second type (Typo II) oould not be obtained, but 
as stated previously, thoro seems to bo no doubt that tho developmental position 
is tho same as m tho previous type, when we look into the abnormal oases where the 
later stages are nothing but representing the second type This is further suggested 
by the doepsoatod position (in the tapet&l jacket) of the spindle in tho stage in Pig 79 

Tt is of profound interest to notice that tho so long generalised sequence of the 
stages of ondosperm which gives rise to the micropylar haustorial cells or nucloi is 
entirely altered in the two species studied As already generalised by .Tunell for the 
‘ Brunella type ’ and also evident from the other types worked out by the various 
investigators, the micropylar haustonum is derived in those species (according to 
the said authors) wholly from the upper part of a primary stage of endosperm 
represented bv three superposed regions In fact this is also the feature existing 
in the other families like Scrophulariaceae, Lentibulanaceae, eto It is but quite 
natuial for Narasnnha Murthy (1942), who probably biased with the results of 
previous investigations concluded the same general mode of development for Ant- 
vomelea The segregation of the said uppermost part into a portion of endosperm 
and the micropylar haustonum in Antaomelea and Leonurua is thus {he principal 
feature winch demarcates these two species from tho other members of the family 
in a comparative study 

Tho sudden deviation (in Antaomelea and Leonurua ) from the general process 
might appear as very striking but a oloser analysis of Junoll’s paper (1937) would 
reveal that he has beon ablo to trace tho details of the ontogeny of the micropylar 
haustonum in only six out of tho nineteen genera he has attempted, and m the rest 
either ho could not find any stages or his interpretations are purely inferential 
His illustrations of Molucella, Ziziphora and Pogostemon (Pigs 3b, id and 6e of 
J until, 1937) are easily comparable to Pig 52 of Antaomelea and in those cases he 
himself mentions that the uppermost tier lies within the tapetal jacket It is very 
probable that more critical study will bring out the crucial stage by which the segre- 
gation of this tier is effected 

Two other features of the micropylar haustoria remain to be discussed The 
first is the persistence of one synergid m a few instances of Antaomelea, which has taken 
up a definitely haustorial funotion, apparent in comparison with tho other haustorial 
cells (Pigs (55, 66) Persistent synergids have been reported to occur in several mem- 
bers of Compositae, Serophulariaceae, etc Its significance seems to he in the de- 
\olopment of an accessory haustorial organ which is to be regarded as an improved 
micropylar absorbing system The other structure of importance consists of the 
persistence and enlargement of the tubular portion of the uppermost suspensor cell 
lying in tho micropylar chamber and connected with the filamentous suspensor and 
embryo in Leonurua (Figs 88-90) The present* of nuclei in this structure as well 
as the considerable enlargement (in breadth) is a strong evidence which leads one to 
suppose that this lias got a definite physiological funotion It seems probable that 
the nutritive substances absorbed by the micropylar haustonum are conveniently 
passed through this suspensor oell to the embryo by the cellular filament The wide 
funnel shaped portion of the tip of this cell is a further evidence in support of this 
explanation Junell (1937) mentions the occurrence of persistent suspensor tubes 


Translated from JuneU’i paper. 
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in Hyptis and Molucella and Carlson and Stuart (1936) describes ‘active’ suspensor 
tubes in the micropylar haustoria of Salvia splendent 

It will not be out of place to discuss a significant point in regard to tho extension 
of the endosperm tissue in the two species wluch as I have previously said 
represent two distinct types of embryo-sacs The unilateral growth of tho endosperm 
m a direction opposite to the micropylar haustorium occurs in both the species 
But in Leonurus it takes place from the very beginnmg, whereas in Amsomeles it is 
delayed to a later stage Thus the tendency for this unilateral growth which showed 
signs in tho more primitive Anisomeles at a later stage in seed development is initiated 
m Leonurus at the very oarher stages, being already dc termini d m tho structure of 
the mature ombryo sac, indicating an advancement in the latter spicies which is also 
evident m tho structures of ondosperm and haustoria 

F Embryo — With the limited literatuie available to the author, the onlv 
important work on the embryogeny of this family si ems to he that of Soui g< s (1921 ) 
who has investigated three species of Labiatae, vi7 , Gleckoma hrdntma, Mentha 
vtruha and Lamium purpureum Besides this, Sharp (191 1 ) has dosenbed only a fow 
primary segmentations m Physostegxa virgxntanu but the account is too restricted 
to favour a comparison 

According to Soueges (1921), tho embryogemo behavioui of Mentha vindts and 
Glechoma hederacea are more or less similar, while Lamium purpureum prosonts a 
very irregular mode of development The two former specie s have boon distinguished 
by Soueges from that of CapstUa bursa pasloris in the following dtvolopmental 
features (a) Early differentiation of the hyphophysis from tho middle coll of tho 
tetrad pro-embryo, (6) Tho susponsor is represented by a simple thinned filament, 
(c) The difference in the speed of segmentations of the two apical and basal colls of 
the embryo 

The embryogeny of Leonurus sibiricus differs from those of M< ntfui vindts and 
Glechoma hederacea in several important points (1) In the two species mentioned the 
longitudinal colls of tho quadrant embryo divide by transverse walls to pioduce an 
octant, but m Leonurus the four cells divide perelraally differentiating tho four 
dormatogen cells in the octant stage itself (2) As a consequence the differentiation 
of the embryo into the layers l and l' is delayed to the sixteen celled stage of tho 
embryo in Leonurus, in contradistinction to Mentha and Glechoma wheie the layers 
l and V oan be made out m the octant stage itself (3) The early division of tho 
cell m to produce d, the progenitor of the hypophysis tiRsue, which ouurs simul- 
taneously with the division of tho two apical cells It thus takes place still oarher 
than that of Mentha and Glechoma whon the oell m divides after tho formation of the 
quadrant and the octant embryo respectively (4) Soueges has mentioned m 
Glechoma that the cell ct rarely divides to form two oells n and n' and may even lose 
its power of division, the filamentous suspensor boing derived mostly from the cell 
m But the early division of the oell » even at the octant stage in Leonurus indicates 
that the derivation of the suspensor is equally favourable from elements n and m 
(5) The occasional derivation of the penblem by a penolma! division of the dormatogen 
cells (6) Tho frequent divisions of a few upper suspensor oells to form two layers 

Since Leonurus differs from Mentha and Glechoma in several important points, 
the resemblance of the former to Capsella becomes still more far-fetched Tho early 
differentiation of the dormatogen and the consequent delay of the formation of the 
layers ( and I' in Leonurus represent a fundamental deviation from tho ‘Capsella’ 
type 

The hypophysial region shown in Fig 112 is strikingly similar to seine of 
Soueges’ figures for Lamtutn purpureum The oblique nature of the walls m the 
abnormal oases (Figs 98, 112) indicates the possibilities by which tho comparatively 
more ‘Capsella’ like developments of Mentha, Glechoma and Leonurus could have 
been derived from that of Lamium purpureum or vice versa Again the presence of 
a tangential wall in the aberrant octant stage in Leonurus (Fig 98) a similar 
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occurrence of which was found by Soueges in Olechoma, represe nts a more or lees 
intormodiato form which correlates the early dermatogon difforontraflUn in Leonurua 
with the ‘Capsclla’ like formation of octant in Mentha and Olechoma 

The heterogeneous nature of the embryogemc behaviour in the different members 
of Labiatae which has already been pointed out by Souoges is further emphasised 
by the still more deviating mode of development in Leonurua It now appears from 
a study of the embryogeny of Ijetmurua that it would not be safe to make any general 
statement regarding the sequence of segmentations which would characterise the 
family as a distinct type 

Summary 

1 The paper deals with the ontogeny of the flower, development ot c arpcls, ovuli h, integu 
mrnth, female gametophyte, fertilisation and formation of endosperm and hailstorm ill Amao 
rnelea uidiui O k/.e and Leonurua mbirunu Linn It also omljodiea the embryogi ny of the latter 
species 

2 Ihc carpellary prnnodia arise from the base of the stamens and grow up to form the 
wall of the ovary The latter grows inwards through the four ovulos and forms the gynobnsii 
stylo which fuses with the funic lo at a later stage 

J The curvature of the ovule is of different nature m tho two species and produies two 
typvH of ovules, ultimate form of embryo sac also depends on this inode of curvature, two 
clistmi t tjpes of gamotophyto have been noted 

4 Tho degeneration of the upper three megaspores takes place from below upwards 
Pi velopmcnt of the gametophyte is normal 

6 Tho synergids have got distuic t hooks The antipodals are epbomc ral 

0 Polar fusion takes place just before fertilisation in Leonurua In Antaomelea, tho fusion 
occurs along with double fertilisation 

7 Rapid development of the embryo sac takes place ot the four nucleate stage The 
mature embryo sai consists of two distinct regions 

8 The niirelliis is of a simple type A division of the two upper micellar cells occurs in 
both tho apocioH The occurrence of bi or tri nucleate nucellur cells throughout the earlier 
stages in Aniaomclta and occasionally in Leonurua is remarkable 

9 An lntegumentry tapetal jacket is orgamsod which encloses the chalazal portion of the 
embryo hoc, and lies against the latter after the earlier degeneration of tho nuoellus 

11) Various abnormalities have been noted in connection with msgasporogenesis and female 
gametophyte development in Leonurua Of those tho occurremo of multiple archespomun, 
double and multiple tetrads, double and multiple ombryo sacs, arc notable 

11 In Antaomelea double fertilisation precedes syngamy 

12 After fertilisation the secondary endosperm nucleus divides immediately to form two 
transverse chambers Tho upper chamber by a senes of characteristic divisions organises a 
mic ropylar houstoruun which is generally a four colled structure in Antaomelea, and twelvo 
nucleate in Leonurua The chalazal chamber forms a btnudoatc haustonurn (in Leonurua and 
oc< nsionally in Antaomelea), or a two celled haustonurn (in Antaomelea and rarely in Leonurua ) 

13 Pie sequence of divisions loading to the formation of the mieropylar haustona are 
desi nbtd in detail m Antaomelea and Leonurua, and they have been shown to be different from 
those observed by previous investigators The important point in this connection is that the 
uppermost tior of a throe tiered stage, which results from tJie divisions of the secondary endo 
sperm nut lens, is not directly transformed into the mieropylar haustonurn but divides again, tho 
prorhii ts being a portion of endosperm and hauatorial colls or nuclei 

14 Tho methoils of endosperm development and subsequent formation of haustona in 
Leonurua have boon classified into two broad tyjjea of which the first type is, again, subdivided 
into two sub types The probable stages of evolution of the primitive types of endosperm 
development to the more advanced types have been shown with the aid of abnormal configurations 
in Leonurua 

15 After the degeneration of tho respective haustona, the endosperm cells bordering the 
latter become very rich in cytoplasm, especially in Antaomelea 

KJ A general similarity exists in the extension of the massive endosperm tissue in both 
tho specioH though they are stnicturally different before the growth 

17 Due to the activity of the mieropylar haustona and endosperm cells the integument 
is largely destroyed and totally disappears during the later stages The endosperm cells sur 
rounding tho embryo also become destroyed by the activity of the latter 

18 Three nutritive portions are thus orgamsod in the seeds for the embryo, viz , the 
mieropylar and chalazal haustona and the endosperm tissue 

19 The persistence and increase in size of the upper portion of the suspensor and the 
occasional persistence of the synergids in the mieropylar haust-oria of Leonurua and Antaomelea 
respectively are noteworthy 
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20 Detailed embryogeny has been studied in Leonurue The main features of distinction 
with the ‘Capsella type’ havo been discussed 

21 The embryo is filled with starch in tlio mature stages and is surrounded by a thin 
starchy sheath of endosperm 

In conclusion, the writer wishes to express his deep sonse of gratitude and indebtedness to 
Dr Ilabonto Boner ji, D So , 1) N T , under whose able guidance and constant encouragement 
the work was carried out His thanks are also duo to Dr J C Sen Gupta, Head of the Dopant 
ment of Botany, Presidency College, and to Mr P l‘ Maulik, Lei tun r in Languages, Calcutta 
University, for their kind help in translating cm lain (let man olid blench literature 
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NATIONAL INSTITUTE OF SCIENCES OF INDIA 
Thirteenth Annual General Meeting 

The Thirteenth Annual General Meeting of the National Institute of Sciences 
of India was hold on 1st January, 1948, at 4 p m , in the Science College, at Patna 


Present 

Dr Boini Prashud, QBE, DSc , FB SB, FLS, FZS, FH AS B , u past Present, 
in tho Chuir 


Fellows 


Dr K Bagihoo 
Dr K N Bugohi 
Dr K N Buhl 
Dr U P Base 
Dr N C Chattorjoo 
Dr B C Guha 
Dr P K Ghosh 
Dr S 1 Horn 
Dr 8 S Joshi 
Dr 8 R Khastglr 
Dr B C Kundu 
Dr P C Mahuntl 
Dr H It Mohru 
Dr P C Mittor 
Dr H K Mookerjoo 


Dr A C Ukil 
Dr D S Kothan I 
Dr H 3 Pruthl \ 


Dr B B Mundkur 
Dr P Neogi 
Dr B P Pul 
Dr P Panja 
Dr B N Prasad 
Dr R C Ruy 
Trof P Boy 
Dr L A Ruindus 
Dr K R Ramanatlian 
Dr M N Soho 
Dr B Sanjiva Rao 
Sir 3 3 Sokhoy 
Prof J. M Son 
Dr M B Soparkar 
Dr N R Tuwdo 


Besides, a largo number of visitors woro present 

In the absence of tho President and the Nice Presidents, Dr Bairn Pioshad 
was voted to the Chair (according to Rule No 58(6)) 

' I The minutes of the Ordinary General Meeting of the Institute held at Delhi 
on tho 5th December, 1947, were read and confirmed 

2 Tho Chairman announced that tho American Philosoplm al Society and tho 
National Aoademy of Sciences, Washington, had presented a Medallion to tho 
Institute The Medallion was exhibited to tho Fellows presont 

Resolved that the present bo accepted and a lottor of thanks sent to the 
Societies concerned 


3 Tho Chairman announced that as a result of tho scrutiny of voting papers 
received from the Follows, the following fifteen persons woro elected Ordinary 
Fellows of the Institute — 

f, B 8 , D Bo (Cal ), Fisheries Oflicor with tho Government of Mysore, Bangalore , 
distinguished for Ills work on fisheries 

Bose, Fratap Chandra, B 8c ( Eng’g ) (Hons ) (Glasgow), Chiof Fnginoer, Corporation of Calcutta , 
distinguished for his work on drainage problem and water supply of Calcutta 
Chatterjee, Satya Charan, M Sc , D Sc (Cal ), Hoad of the Deportment of Geography, Patna 
College, Bankipur, Patna, distmgufahed for his work on tho basic and ultra basic rocks of 
Bihar, Onssa and Bengal ^ 

Dastur, Jehangir Fardunjl, M Sc , D I C , Head of the Division of Mycology, Indian Agricultural 
Reaearohlnstitute, New Delhi, distinguished for his work on various crop diseases caused 
by fungi. 
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Dutta, Arun Kumar, D Sc (Dacca), Reader in Physics, Daoea University, Dacca, distinguished 
for his work on absorption spoctra, miperaomcs and viscosity of gases snrlWHs 
Dutta Roy, Rukmim Kishore D St (Dacia), Dr Ing (Hanover), Chemist, Geological Survey 
of India ( alcuttn distinguished for Ins work on the chemical study of coals 
Hulig, Robert E.MP (\ nnna) Chief Physician, Jaipur, distinguished for his work on various 
pathological probhms rennet ted with hookworm and malaria 
Knshnaswami Kolar Ramuknshnaiyer, D Sc (Lond ), HI U , Director of Industries, Bihar, 
Patna , distinguished for Ins work in Industrial Chemistry 
Mai Gregor, Robert Anderson Eonnerlj t Inof Metallurgist to the Government of India, Calcutta, 
distinguished for his work on fatigue in metals 

Mittor, Gancs ( liandra, OBL,MSc (tal) F R I < ,M Inst Mot , ( hief Assaynr, His Majesty’s 
Mint, Bombay, and Honorary Professor of Industrial Chemistry, Royal Institute of Science, 
Bombay distinguished for his work on chomital and metallurgical problems of coinage 

Moghe, Mahodeo Atmnram, M A M V , Ph D (Lond ) F Z S Profossor of Zoology, College of 
S< lent o Nagpur und Head of tlic Department oi Zoology and Dean of the Faculty of Science, 
Nagpur University Nagpur distinguished for his work on Helminthology and Rmbryology 
Raju, S P , B A 11 L Dr Ing (Muui h) MI] (India), Member of the International Association 
for Hydraulic Structures Research Stockholm Director, bnginenring Research Depart 
ment, H L II the Nizams Gov eminent Hyderabad, Deccan distinguished for his work 
on Engineering subjc cts partir ilarly hydraulics 

Ramanujam, Srinivasa M A (Madras) Ph D (London) Director, Central Potato Research 
Institute, New Delhi distinguished for his work m tho fields of cytology, genetics and plant 
breeding 

Rao, Subbarao Ramchondra, M A (Madras), Ph D (Lond ), D be (Lond ), Profossor of Physics, 
Central College Bangalore distinguished tor lus work on soft X rays, secondary electron 
emission and moloc ular magnetism 

Roy, Jyotis f handra, M D (Berlin) Duector, Indian Instituto for Medical Research, Calcutta, 
distinguished for his work ou physiological subjects 

4 The Chairman appointed Dr K N Buhl and Dr B B Mundkur as ecru 
tinoers tor the voting papers in connoction with the oloction of Couiu.il Members 
and Offiue boaters oi tho Institute for 1948 

Aftor scrutiny tho following were declared as duly oleoted 


Dr Sir S S Bhatnngar, Neui Delhi 


Vice 1’residente 

1 Prof S N Bose , C nlcutta 

2 Muj Gon Sir b S Sokhey, Bombay 


Ml M S Kandhuwa, Delhi 

Foreign Secretary 
Di I N Mukhcrjoo, New Delhi 

Secretaire* 

1 Prof D S Kothan, Delhi 
l Dr H S Pruthi, New Delhi 


IB 


Editor of Publications 
Dr b L Hora, Benares. 
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Prof S P Agharkar, Poona 
Dr K N Bagchi, Calcutta 
Prof K N Bahl, Lucknow 
Prof A C Banerji, Allahabad 
Mr 8 Basil, Poona 
Prof H J Bhabha, Bombay 
Prof S R Bose, Calcutta 
Dr B B Dey, Madras 

Dr 


Members of Council 

Dr Verner Elwin, Benares 
Prof B 0 Guha, Calcutta 
Dr 8 Krishna, Dehra Dan 
Prof b K Mitra, Calcutta 
Dr B Mukorji, Calcutta 
Dr C (} Pundit, Madras 
Dr P Parcja, Cuttack 
Di M Prasad, Bombay 
r D Wont, Calcutta 


5 At the request of the Secretin y the item with legard to the scrutiny of voting 
papers regarding modification of Rules ( > and 10 was deleted fiom tho Agenda 

6 Tho Secretary (Dr H S Pruthi) lead out tin' Annual Report of the Council 
of the Institute The report was unammously adopted ( 1 td< pagt 225) 

7 In the absence of the authors, tho following papers wore taken as read -- 
(l) f\e Geometry of Extra Ordinary lit fiuctum- 1>\ I’tof J 11 Seth, Govern- 
ment College, Lahore {Communicattd by Di K P Kichlu) 

(n) Some Non Hamtnvjam Contjtvenft Proper tut, <>J the Partition Function — 
by Dr D B Lahin {CommumcaUd by Mr S N Hoy) 

8 Due to the unfortunate absence of the President (Sir S S Bhatnagar) his 
Presidential Address was lead by the Chairman, Dr Bairn Piashad ( 1 ide page 227 ) 




ANNUAL ADDRESS TO THE NATIONAL INSTITUTE OF SCIENCES 
OF INDIA 

By Sm S S Bhatnagar, FRS, F N I 
Patna, 1st January, 1948 

I am deeply grateful to the Fellows of tho National Institute of Sciences of 
India who elected me their President This is tho highest honour which they can 
bestow upon thou- fellow-colleagues and I am thankful to them for this recognition 
of my humblo services to science 

Tho year under review has been a momentous ono and th( most outstanding 
event being the establishment of Indian independence and the rt birth of a really 
National Government in India The scientists have not lagged behind and the last 
year’s session of tho Indian Science Congress under the presidentship of our national 
hero, Pandit Jawaharlal Nehru, was a great success, the memorablo feature of that 
session being the presence in India of tho following delegations , U K Sir Charles 
Darwin, Sir Harold Spencer Jones, Prof P M S Blackett, Sir D’Arcy Thompson, 
Prof L J Mordell, Prof W Brown, Mr Phillip Bruce White, Sir Angus Gillan, 
Prof Munro Fox, Sir Arthur Floming, Prof Dudley Stamp , Canada Prof W F 
Hanna, Prof R B Thomson, Dr T L Tanton, USA Mr Albert F Blakeslee, 
Dr Harlow Shapeley, Dr E Newton Harvey, Dr Ascar Riddle, Dr W E Doming, 
France Prof J S Hadamard and Madame Hadamard , ( ’ htrta Prof S S Cliern , 
USSR Prof V P Volgin, Prof E N Pavlovsky, Prof Bolshaikov, Prof S 
Umarov. 

- To thoso who attended tho opemng session, the event will always remain fresh 
and will be remembered by them in then- old ago as something which will bring 
cherished memories of the past In introducing Sir Harold Spencor Jones, the 
Astronomer Royal, to tho President, I mentioned lus groat influence with the 
heavenly bodios and his prowess with tho god of rain, which had prevented our 
meeting from becoming a catastrophe The words were almost prophetic bocauso 
as soon as the inaugural ceremony was over, came a thunderous down pour of rain 
the like of which had not been witnessed bofore in Delhi at that time of the year. 
Heavens having helpod us at the opening day, tho session was a tremendous success, 
particularly well attended were tho lectures by foroign delegates which r onset! a 
great deal of enthusiasm amongst the peoples of India Even the Russians and the 
Americans remarked that they had never seen such enthusiastic crowds at lectures 
of a scientific character 

Two more notable events have taken place First of all, the Prime Minister 
whose interest in science is well known, has agreed to bo tho President of tho Council 
of Scientific and Industrial Research and the Scientific Consultative Committee 
Secondly, he has become one of us as we elected him a Fellow of the National Institute 
of Sciences of India, under Rule 7 

With the great change m the outlook of political India, events in the world of 
science are bound to march forward It is no doubt true that tho political develop- 
ments and noting which followed the partition of India brought to a standstill the 
programme of development which was m hand particularly in the northern regions. 
Our construction programmes of the National Physical Laboratory, National 
Chemical Laboratory and the Central Glass and Ceramic Research Institute, were 
completely stopped With great difficulty we are restarting, though slowly. Never- 
tbeleBS progress has been spontaneous in many directions In the Ministry of 
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Works, Minos and Power, the projects for the development of power by darning 
rivers have made vast strides 

The following projects are well in hand 

Mahanadi Project 

Work has already started This schemo is exported to cost Rs 47 i crores and 
will be able to produce 350,000 K W of dec tru energy Total land expected to be 
irrigated when the project is completed is 1 1 million acres 

Bhakra Dam 

Work has already started This scheme is expected to cost about Rs 05-76 
croies and the total land expected to bo irrigated will be about 2 million acres 
300,000 K W of electric energy arc likely to be pioduccd 

Damodar Valley Project 

Work is expec ted to be started in a few months’ time The cost of the sc heme 
is expected to bo about Rs 35 crores 300,000 K W of electric energy is < xpocted 
to be produced when the scheme is i completed 8 dams are likely to be constructed 

Kosi Project 

This dam is expec tod to be 800 ft high, the highest m the world and this will 
be able to pioduce 1 8 million R W of power Work is expected to l>o started some- 
time in 19-18-49 

Bcsidts these four projeits, several other projects are being actively planned 
and work is expected to bo started m about a year’s timo Some of these are 
Narbada and Tapti projects, Indrawati piojcct and Godavari project 

Possibility of power development in Assam aio also under active consideration 

The Central Government maintains a number of institutes for training and 
research in agricultural sciences, animal husbandry, veterinary sciences, dairy, 
forestry and fishe ries The Government have sanctioned schemes for the expansion 
of facilities for research and training m these institutions The Scientific and 
Technical Manpower Committee, about whoso recommendations I propose to deal 
later, have recommended that flu time lias c omo when a co ordination of agricultural 
education and training might be* accepted through the creation of an All-India 
Agricultural Council The proposal is now under the consideration of the Govern- 
ment The Indian Agricultural Research Institute is expanding facilities for 
training and research in all the major branches of agricultural sciences The greatest 
necessity is felt that facilities for training and research m the basic agricultural 
sciences ure provided for our joung men at the highest level so that it becomes 
less necessary to send young men abroad excepting for specialised training in specific 
subjects and gaining uptodate experience of technique and ideas abroad This was 
the main purpose for which the Indian Agricultural Research Institute was founded 
I am glad to say that it is expanding now on these lines During the last yoar the 
Agricultural Department gave serious consideration to the importance of measures 
of control of wheat against rust The serious damage to the wheat crop last year 
which meant a loss of more than a million tons of wheat drew the attention of the 
Government to the subject A scheme of research based on the note prepared by 
the staff of the Indian Agricultural Research Institute — this note has been published 
in Science and Culture — was sanctioned by the Indian Council of Agricultural 
Research with a view to effectively controlling rust problem Very important 
work has already been done and the new schemo aims at strengthening the existing 
work and expanding further on all India basis the research work on the Bubject 

Another matter which should receive the attention of all of us is the question 
of increased production from land Two reports concerning soil productivity and 
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soil conservation have been prepared and are under consideration of the Indian 
Council of Agrioultuial Research 

For some years, the Council of Scientific and Industrial Research has boon 
making efforts to bring into being a number of national laboratoi ies The National 
Chemical Laboratory at Poona, the National Physical Laboratory at Delhi and the 
National Metallurgical Laboratory at Jamshedpur, have already been planned and 
the work of construction has already started The Central Glass and Ceramic 
Research Institute at Calcutta and the Fuel Rc soars h Station at Dhanbad are 
also busy in completing their building operations Thq technologic al block of the 
Central Glass and Ceramic Research Institute is already working When those 
laboratories aro ready — they have been unfortunately voiy much delayed for 
reasons over which we had no contiol — they will constitute some of the finest 
laboratories in the world Meanwhile the researc h work in these various fields 
has also been started at these centres in hired or improvised buildings 

Amongst the now schemes of expansion sanctioned by the Council of Scientific 
and Industrial Research may be mentioned the following — 

(1) A nucleus of Building Research Unit which lias staitcd functioning at 

Roorkee with a skeleton staff and has puhlishc el results of some interest 

(2) A Road Research Institute at Delhi is hi ing actively planned and attempts 

are being made to secure a plot of land for the Institute on the Muttra 

Road 

(3) Tho Council has agreed to the establishment of a Central Drug Research 

Institute 

(4) Tho Council has also agreed to the establishment ot a Food Technological 

Laboratory 

The Finance Ministry has agrood to provide funds for the effe< tivc planning of the 
Drug Research Institute and the Food Technological Laboiatoiy 

The Council welcomes the establishment ol the Indian Standards Institution 
We aro particularly happy as this is a child of the Council which sponsored its 
early establishment 

In tho field of scientific and technical manpower, tho Scientific Manpower 
Committee appointed by tho Ministry of Education submitted their Intoum Report 
some time ago The Final Repeat, is expc cted to bo submitted b\ the end of February 
next Tho Interim Report has been considered t>v the Cabinet and the recommenda- 
tions made by the Committee have been generally accepted 

Tho Committee havo recommended measmes which tho Government should 
initiate without loss of time in order to meet, to some extent, the existing shortage 
of scientific and technical personnel These measun s rc late to — 

(l) Expansion of facilities for higher scientific and technical education mil 

training , 

(ii) Medical education and training, 

(m) Scientific and industrial research and training, 

(iv) Industrial training , 

(v) Technical training for Defence Services 

Tho Committee are of the opinion that the pre sc nt fnc llities for scientific and 
teohnical education are utterly inadequate and m order that tho immediate needs 
of the country for scientific and technical personnel may bo met m as short a time 
as possible, it is necessary for the Government to initiate measures which may start 
bearing fruit withm a year or two The Committee have expressed the opinion 
that there should be a fourfold inrreaso in tho output of technical personnel so that 
industrial progress may be possible 

' The Committee have recommended that for an immediate improvement in tho 
out-turn of scientific manpower the Government should utilise the existing soirees, 
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viz , universities, special institutions and the industrial concerns, by helping to 
create in these places adequate facilities for higher education, roseaHl*»md practical 
training Such help as is to be givenohould be largely m the form of grants for (a) 
the creation of scholarships on a generous scale, (b) the purchase of equipment, and 
(c) the opening of post-graduate research departments in tho universities which do 
not have any at the moment 

Some of the general recommendations of tho Committee may bo summarised 
below — 

(a) Top priority Bhould be given to imports of scientific equipment and appa- 
ratus for educational institutions and tho Government should allow rebate on the 
import duty on such equipment 

(A) Surplus war material of scientific value should be made available to educa- 
tional and research institutions, free of cost as far as possible 

(c) To facilitate the training of additional workers m institutions and industrial 

concerns, the Government should evolvo suitable machinery for expediting building 
construction at various training centres and also provide necessary funds for the 
purpose * 

(d) To overcome the great difficulties experienced by tho Government in 
implementing most of their schemes, the Government should — 

( 1 ) permit the administrative departments eoncernod to make direct 
recruitment to scientific and technical posts m special eases instead of 
depending on the Federal Public Service Commission , 

(n) create a Scientific Service at par in status and emoluments with Ad- 
ministrative Service similar to that created in Great Britain , 

(in) improve tho Balary scales of teachers especially those engaged in 
technical education, 

(iv) provide funds to onablo institutions to send their experienced staff 

oversoas to visit important centres of scientific and technical educa- 
tion and research , 

(v) institute a largo number of scholarships for post-graduate and re- 

search training m institutions m India , 

(vi) permit tho construction of buildings for educational institutions through 

pnvato agonues , 

(vn) delegate a greater amount of powor than at present to heads of educa- 
tional and research institutions , 

(vm) place at tho disposal of institutions block grants for implementing tho 
programme approved by tho Government, instead of grants from year 
to year , 

(i\) consult scientific and technical men at all stages when taking decisions 
on technical matters, 

(\) take steps towards maintenance of a National Register of Scientific 
and Technical Personnel by tho Council of Scientific and Industrial 
Research through the agoncy of tho National Institute of Sciences 
of India 

The keen interest taken by the Pnmo Minister and the Cabinet of the Indian 
Government inspires us with a now hopo and it looks as if Science will get a chance 
of service New opportunities and new responsibilities offer themselves to us and 
the National Institute of Sciences has to play an important part m building the 
New India 

Incipit Vita Nova — here begins a new life There are moments in the lives 
of a nation as well whic h forcibly recall Dante’s words, for one glimpse of freedom may 
spell for a whole people what a glimpse of Beatrice did for Dante With the ushering 
of Indian freedom on August 15, Indian science too cried out in ecstasy — Inciptl vita 
nova. 
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The tasks of scientific education m this country henceforward have to bo vastly 
different from those assigned to it hitherto In the past, scientific education has 
aimed mostly at equipping a number of people for the profession of teaching, or of 
routine testing, whether of a medical varioty or of an engineering or industrial variety 
A certain number of such scientific woikors wore in any case needed to keop the 
imperial machine going — to build and maintain its roads and railways, to run its 
communications on modern lines, to serve its armed forces and its administrative 
personnel, to man the various surveys for collecting the data needed by the foreign 
exploiter To some extent the people, no doubt, benefited, but undeniably an im- 
perialist bias underlay tho entire activity The Geological, Botanical and other 
Surveys collected scientific data but they did so mspiiod by an imperialist purpose- 
The linguistic and ethnographic data, collected no doubt often with mm h skill and 
industry, could bo used for tho imperialist political purpose of indicating the moral 
that no nationhood could be claimed for a mere congeries Tho scientific Surveys 
of India’s resources wero primarily inspired by the imperialist purpose of tho ex- 
ploitation of these resources by her alien ruli'rs Even scientific research earned 
out m India was often not freely available in this country During the late war 
formulae and processes evolved in Indian laboratories we re oite n handed ovei to either 
countries and since thoy were industrially more developed, they could utilise them 
for groater advantage In a free India science is no longer to ho the tool of a foreign 
imperialism, and its two groat tasks now are to develop Indian scientific talent to 
its utmost capacity so that it can make a worthy contribution to humanity s pool 
of scientific thought and knowleslge, and to develop India s resources so that the 
lot of the common man in this country may bo improved To raiso tho economic 
standards of the common man, it is nectssary that the- speed of liulustnalisation be 
a good deal accelerated This would require expansion in the available seientifie 
personnel and it is among the immediate tasks of scientific education m this country 
to moot this demand for enhanced scientific personnel Indian industrialisation 
demands an adoquate exploitation of her vast power resources No one will 
contend that today she has the technical personnel she needs for this task Again, 
India will have to develop her science and industry for defence purposes, if she is 
to maintain her froodom and to pursue an independent foreign policy, or to pull her 
weight in defence arrangements m a commonwealth or a system of alliantes Under 
foreign tutelage her scientific workers wero not permitted to peep into the see rets of 
the War Office But henceforward it is going to be tho responsibility of Indian 
scionce to see that the Indian defence organisations do not suffer for want of se lentific 
knowledge and scientific personnel 

What is to be tho languago of science in India < Hitherto science has been 
taught and studied m tins country, from tho secondary school onwards through 
English — though there have been laudable efforts to produce scientifii h 'mmology 
and some scientific literature m Indian languages Tho new context would not 
permit this state of tlungs to contmuo The teaching of science will hcncefoi ward 
have to be done through Indian languages and our universities and learned bodies 
and scientists and teachers must now be called upon to take effective steps to make 
this possible without any impairment of efficiency — m fact the efficiency must be 
a good deal raised if wo are to prove equal to our new big tasks in free India In 
a very few years, we may take it, the touching in the topmost university classes will 
be through Indian languages, though of course those going up for higher studies will 
find a working knowledge of one or two European languages essential Those 
engaged in research are sure to find a knowledge of English and other European 
languages almost as necessary as thoy do at present But there seems no reason 
why students in our universities who will bo listening to lectures in the science 
theatres m their own languages should not have a supply of scientific text books 
in these languages, though for sometime these will necessarily have to be supple- 
mented by those in European languages particularly in English Our universities 
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and learned bodies and education departments have to give immediate attention 
to the task of producing a supply of scientific text books and sAtatafic journals in 
Indian languages The task, I should think, is one which would require the offices 
of a central co-ordinating agency The thief hit< h at present would be the want 
of ready-made scientific terminology This is a problem that lequires very careful 
thought and much expert and erudite labour and it must not bo decided in a hui7y 
The Ministry of Education of the Government of India sometime ago set up a <;om- 
mitteo to go into this question , and bo also did the National Institute of Sciences 
The Committee set up by the Institute seems to favour, when it informally met, 
the retention of English for the time being, as a vehicle of thought for advanced 
scientific knowledge, and the retention of the English technical and scientific terms 
m scientific writing in Indian languages Scientific writing in India may have to 
bo done in a number of languages, but it will bo stupendous waste of labour if each 
of those sets about coining its own scientific terms — such an enterprise might cost 
as much labour as did the Tower of Babel and for science m India its resultB might 
be no more propitious than those commonly ussociatcsl with that monument 

To have a uniform scientific and technical terminology for all Indian languages 
is a desideratum that all interesting themselves in this problem will do well to bear 
m mind In the West tho scientific terms generally do not differ much as you pass 
from one European language to another The common ancestry of European 
scientific thought m that of Groeco, and tho common acceptance of Latin as the 
languago of learning during somo centuries, have been of great help in creating this 
uniformity The mention of Latin will to many be an inevitable reminder that the 
potentialities of Sanskrit with itB richness of vocabulary, its facility m new forma- 
tions, its having been the mother of Indian languages, and with its religious and 
cultural position in India not less important than that of Latin m Christendom — are 
no less significant But that is a question I would much rather not go into hore 
For the immediate future I think we have to bo content with the English terminology, 
though it is plain this is just ‘making do’ and not a satisfactory or final solution of 
our problem We shall soon start looking for such a solution, perhaps a fresh 
stocktaking may be necessary after the Constituent Assembly has made its decision 
with regard to India's national language At the moment all I can say is that we 
must not lose sight of our objectives and they are 

(а) Indian scientific workers must be able to draw upon tho world pool of 
scientific knowledge, and m repayment of this debt their own scientific work must 
be available as a contribution to this pool m a language which is not too difficult to 
learn and may have to bo English 

(б) For the free exchange of scientific knowledge among the various centros 
in India a uniformity of scientific terminology is essential It is hoped that the 
Fellows of tho Institute would givo the country a real lead in these matters 

The country has witnessed a catastrophe tho liko of which has not been seen m 
tho world in what has followed tho partitioning of India A large number of people 
have been displaced and they are all over the place as refugees Science has not 
been safe from this tragody and a great many scientists of note as well as professors 
and students have been rendered homeless The Government of India m spite of 
tho vast magnitude of this tragedy have done a great deal to relieve the situation 
The Delhi University has come to the aid of the former Punjab University and 
have taken up the Honours Schools in Chemistry and Physics under their auspices 
Attempts are also being made to start camp and double shift colleges so that a large 
number of displaced teachers and students may bo usefully occupied A deep 
sense of patriotism pervades the country and the rather difficult problem of re- 
habilitating medical and engineering students has been satisfactorily solved and all 
the medical colleges in India have agreed to divide tho Punjab students amongst 
themselves Similarly the Thomason College of Engineering at Roorkee has 
absorbed all the Punjab students who were working for engineering subjects It is 
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the prime duty of the National Institute of Sciences to see that these brethren of 
ours who have beon so displat ed aie suitably employed It is much to be regretted 
that this premior body of Indian scientists has not yet addressed itself to the solution 
of this important problem I appeal to the fellow scientists who have gathered 
here to remember these unfoitunate brother scientists and see that any help that is 
possible is given to them in their domains 

I cannot conclude this address without saying a word about the practical 
utilisation of results of research m various holds m tho new India Although 
scientific research is a search for truth for its own sake it will be considered an 
expensive luxury and no exchequer will vote funds for it unless results of practical 
utility or for reducing suffering or poverty weie the outcome of our investigations 
and while I should not like to minimise the importance of scientific research for 
its own sake I must draw the attention of yoiu scientists to the great need of 
applying their knowledge to tho good and betterment of India 

In this connection, it is perhaps not out of place to point out that the utilisation 
and development of reseat ch results is a difficult problem m itself to which consi- 
derable thought and time has beon and is being devoted m other (ountries parti- 
cularly in the United Kingdom, USA, and Canada, etc It would perhaps bo 
desirable to describe some of tho methods employed m these countries to attract 
tho attention of tho industrialists and potential individual who is likely to use and 
derive the ultimate benefit from the research aetivities A review of these mothods 
has recently appeared in tho British Commonwealth Scientific Office Memo No 625 
(United Kingdom Scientific Mission Memorandum No (>0/47 dated tho 25th August, 
*947) The British Commonwealth Scientific Official Conference set up in 1946 a 
Standing Committee Working Party to doteimino ways and -means of promoting 
tho utilisation of non-patentable scientific and tei hnical data The Committee 
contacted various Ameman and Canadian agencies to determine mothods in opera- 
tion in these countries m connection with both patentable and non patentablo 
discoveries Of these tho methods found to be most satisfactory and now in general 
use are briefly outlined below • 

Tho methods employed by tho Federal and Stato Agricultural Colleges (USA) 
m mtorostmg farmers and others likely to benefit by the implementation of then- 
results fall in throo c ategoncs, viz 

(a) Methods that reach the masses News stories, c ircular letters, radio, cinema, 
exhibits, bulletins and postors 

(b) Methods that reach groups General meetings, demonsti ation meetings, 
leader training meetings, extension schools and study courses 

(c) Methods that reach individuals Demonstrations, farm and house visits, 
office calls, telephone calls and correspondence 

The Bureau of Agricultural and Industrial Chemistry (USA) has given much 
thought to determining the best methods of keeping industry mformod and to 
getting commercial firms to develop tho laboratoiy scale lesults obtained in its 
Regional laboratories Alter several years of experimentation, the Bui can has 
found that tho best results are obtained by one or more of tho following five 
methods — 

(a) Demonstration by pilot plants which show to industrialists how the process 
can be operated on full production basis It is the Burciu's experience that if this 
course is not adopted then more often than not the potentially interested indus- 
trialist will not take the trouble to give a new process a tryout 

(b) Frequently tho Bureau enters into a co-operative agreement with industry, 
i e a firm’s plant is used to develop a process worked out on the laboratory scale 
by the Bureau’s Btaff To avoid possible jealousy or recriminations from other 
potential users, tho Bureau wherovor possible asks the appropriate industrial trade 
organisation to nominato the firm with which it enters into a formal or informal 
collaborative agreement 
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(c) Each Regional Laboratory has one scientist on its staff who devotes his 
whole time to liaison work between the Bureau and industry J^qjmiaon officers 
keep industry informed of the Bureau’s activities by personal visits and they also 
endeavour to determine naturo of industry’s problems and utilise the information 
so gathered m planning future research programmes of the Bureau Many large 
firms reciprocate by appointing liaison officers who work in the reverse direction 

(d) The Bureau tries to got itself represented on as many trade organisations 
as possible This has been found to bo one of the best means of winning industrial 
confidence and ensuring interest in the Bureau's research activities 

(e) The Bureau makos the fullest possible use of pubbcations, encouraging its 
scientists to pubbsh their research findings in a wide variety of recognised scientific 
journals 

All these methods and more will have to be adopted by us m India to make 
science really effcctiVo and understandable to masses Realising the importance 
of this aspect the Government of India set up an Industrial Research Utihsation 
Committee in 1941 , a year after the creation of the Board of Scientific and Industrial 
Research Since April last this Committee has boon replaced by an Industrial 
Liaison Committee whose functions remain the same as those of the Utilisation 
Committee The success of similar utilisation methods will show even to the lay 
Indian public tho great advantages of scientific resoarch 

To take one concrete case only, it is estimated that vegetablo oil lubricants 
valuinl at Rs 5 rrores were produced by the oil companies from the processes workod 
out by the Council of Scientific and Industrial Research Tho Council did not 
denvo any direct monetary benefit from this process but if the oil companies mado 
a nett 1 0 jkt cent profit on those, they paid taxes on Rs 50 lakhs profit and if this 
figure is worked out it will come to quite a substantial amount In addition to this 
somo 60,000 tons of shipping spa< o with its sea freight and handling charges was saved 
and if this is calculated, tho savings will amount to a handsome figure Similarly, 
antigas cloth valued at over 1 crore of Rupees was manufactured from the Council’s 
formula Here «again tho Council did not dorive any direct monetary benefit but 
tho indirect benefits to tho country’s economy will be found to be considerable 

There are, howover, processes m which both direct and indirect advantages are 
obtainable and enhance the valuo of research m the eyes of financially minded 
individuals and corporations m the country 

Amongst tho indirect benefits may bo mentioned the increased earnings m 
income-tax, super-tax, oxcoss profits tax and corporation tax, besides provincial 
and local taxes, which accrue to tho Central Government as a result of the profits 
derived by industry from the Council’s processes To these might be added the 
benefits derived by the country’s oconomy from savings m exchange resulting 
from diminution of imports of products developed from soveral of tho processes In 
addition to those the industries and processes developed have provided employment 
to a considerably large number of men and the provision of this additional employ- 
ment of labour brings in its tram innumerable benefits which it is difficult to detad 
Before I close, it is my pleasant duty to offer a hearty welcome to the foreign 
delegates who are attending the current session of the Indian Si lence Congress It 
is very gratifying to learn that an Australian Scientific Delegation which is visiting 
this country on the invitation of the Government of India for the first time is 
expeoted to bo present in Patna m time for the Science Congress These visits 
have amply shown the growing signs of internationalism of science m India and 
have proved that science is really international in character and transcends pobtics 
To these foroign delegates India’s young scientists give the assurance that m the new 
India they will prove their altruistic interest m science by constant collaboration 
with their colleagues all the world over and by working disinterestedly in the cause 
of scientific research and development It is only through the efforts of the scientists 
of all countries that a real United National Organisation oan emerge 
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The Council of the National Institute of (sciences of India have pleasure in 
submitting the following Report on the general concerns of the Institute for the 
year 1947 as required by tho provisions of Rule 48(f) 

Membership 

The number of hollows on the roll of the Institute at tho beginning of the year 
was 253 — 228 Ordinary and 25 Honorary Iho Hon bio Pandit Jawaharlal Nehru 
was elected an Ordinary Fellow of tho Institute under the pr melons of Ruli 7(e) 
In accordance with the new Gakndar for moi tings adoptod by tho f ouncil of the 
Institute the election of Ordinary Fellows for the year 1947 will take placo in January 
1948 at the Annual General Meeting of tho Institute Ono Ordinary hollow who 
had resigned his Fellowship previously applied ft r withdrawal t f his rt signation 
and was readmitted in terms of Rulo 32 as modified in tht Ordinary General M< oting 
of the Institute held on 18th October 1946 hour Honoiary hellt ws wtrt elected 
Four Ordinary bellows and two Honorary Fellows dud during the year under 
report The total number c f h ellows on the roll at the end of tho yeai was therefore 
253 — 226 Ordinary and 27 Honorary 

Meetings 

The Twolfth Annual General Meeting of the Institute was held m the physics 
lecture thoatre of the University of Delhi on tho 1st lanuary 1947 

Prof D N Wadia the retiring President dohverod his Annual Address on 
India in Transition — the Role of Science m tho Building of New India 

During the year under rejiort 10 Ordinary General Meetings were held At 
these mootings papers were read and discussed At the Ordinary CYnoral Meeting 
held on the 4th April 1947 at Bangalore Dr S L Hora gave a tesumd of General 
Impressions and (specific Contributions of the Empire (scientific Conference hold 
in the United Kingdom in 1946 The following public lectures were also dehvored 
at the Ordinary Gonoral Meetings — 

August 1 1947 Prof H J Bhabliu on Fundamental Particles (At Bombay ) 
November 7 1947 Sir K. S Knshnan on Liquid Metals (At Delia ) 


The Council 

Tho Officers and Members of the Council for tho year 1947 weie ducted at the 
Twelfth Annual General Meeting of the Institute held on the 1st lanuary 1947 
The Council including the representatives of tho co operating Academies the 
Indian Science Congress Association and the Government of India was constituted 
as follows — 


President 
Vice Presidents 

Additional Vice Presidents 


Treasurer 
Foreign Secretary 
Secretaries 


Dr Sir 8 S Bhatnagur Delhi 

Prof H J Bhabha Bombay 

Prof 8 N Bose Calcutta 

Prof A C Banerp AUahabad 

Khan Bahadur M Afral Husain Lahore 

Lt Col C L Pasricha Calcutta 

Representative of the Indian Academy of Sciences 
(nomination not received) 

Dr Bashir Ahmad, Delhi 
Dr J N Mukherjee, Delhi 
Prof D S Kothari, Delhi 
Dr H S PruthJ, Delhi 



Editor o f Publications 
Members oj the Council 
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Dr S L Horn, Benares 
Dr S P Agharkar, Poona 
Dr K N Bagtlu, Calcutta 
Dr K N Buhl, Lucknow 
Dr S K Buaerji, Delhi 
DrBB Doy, Madras 
Dr Vemer El win, Benares 
Prof B C Guhn, Calcutta 
Prof Sir K S Krwhnan , Delhi 
Prof S K Mitra, Calcutta 
Dr P Panju, Cuttack 
Prof M QutohIu, Hyderabad Dn 
Dr L A Kamdatt, Poona 
Mr M S Ramllmwn Delhi 
Dr M It bidduji, Hyderabad Dn 
Sir Is b Sokhey Bombay 
Dr A l Ukil, Calcutta 
Dr W D West, Calcutta 
Ex Offiuo Members of tlu, Council bir It N lliopni (l 'I JO 1040), Jammu 
(Past Presidents) bir J C Ghosh (1043 44), Bangalore 

Dr Brum Prushftd (1041 1042) Dillu 
Prof M N Saha (1937 1038 ), Calcutta 
Prof D N Wadia (1040 40), Delhi 
Additional Members of the Council Prof P C Mahulonobis, Calcutta 
Dr H it Mohru, Allahabad 
Dr B Mukorji, Calcutta 

Representative of tho Indian Academy of Sciences 
(nomination not received) 

Prot D N Wadia represented the Government of India also on tho Council 
of tho National Institute 

In tho absenco of Dr Bashir Ahmad from station, first Di B C Guha, and then 
Prot D N Wadia, w\s appointed Treasurer 

Tho Council held nine meetings duimg the year Abstracts of tho proceedings 
of tho Council relating to questions which are likely to be of interest to Follows 
are given in Appendix III 

Publications 

Six numbers ol tho Proceedings and ono numbor of the Transactions were 
published during tho yoar 1947 

Exchange List 

The following additional institutions wero plaood on tho distribution list of the 
publications of the Institute bringing tho total number on the list to one hundred 
and nine 

1 Royal Society, London 

2 Academy of Sciences, USSR, Leningrad 

3 Hungarian Academy of Natural Scionces, Budapest 

4 National Research Council of Canada, Ottawa 

5 Jefe del Servicio Meteorologioo Moxicano, Tacubaya, Mexico. 

6 Oceanographio Institute of Taiwan, China 

Presents and Donations 

The Council thank the Acadepiy of Sciences, USSR for presentation of nearly 
200 copies of them publications to the Library of the Institute 

The following donations were also received — to be utilised, as far as possible, 
for popularisation of Science, this being the wish of the donors — 
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Rs 

1 Mr Panna Lai, Delhi 600 

2 Mr S B Gupta, Dellu 500 

3 Mr Kali Charan, Dollu 100 

4 Mr T R Jawnhai, Delhi 160 

5 Mr Devi Charan Gupta, Delhi 100 

6 Mr Cliotan Swamp, Delhi Shulidia 200 

7 Mr Padam Chanel, Delhi 361 

8 Mr Khazandu Mai Jam, Delhi 601 

0 Mr C B Gupta, Delhi 500 

10 Mr Harelayal, Delhi 500 

11 Sardai Sohan Singh Ananil, Delhi 500* 

12 M/s Tek Chand Atnia Ram, Delhi 500 


4,402 


Qrants-m-aul of Publications 

The following grants were rnoivod during the year lor distribution to scientific 
institutions and academics in airl of then publications — 

1 Prom the Rockciclloi Foundation Rs 15,000 

2 From tho Government of India Rs 15,000 


The above grants weie distributed as follows — 


2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


16 

17 

18 

19 

20 
21 
22 

23 

24 

25 
26 . 


Rockefeller Government 


Royal Asiatic Sot lety of Bengal 
National Academy of Sciences, India 
Indian Academy of Sciences 
Indian Science Congress Association 
Indian Seienco News Association 
Current Science Association 
Indian Statistical Institute 
Indian Mathematical Society 
Calcutta Mathematical Socioty 
Benares Mathematical Socioty 
Indian Physical Society 
Indian Chemic al Society 
Society of Biological Chemists, India 
Institution of Chemists, India 
Geological, Mining & Metallurgical Society of 
India 

Calcutta Geographical Socioty 

Indian Ecological Society 

Indian Botanical Society 

Indian Society of Genetics and Plant Breeding 

Bombay Natural History Society 

Entomological Society of India 

Indian Institute for Medical Research 

Indian Anthropological Institute 

Man m India 

Lahore Philosophical Society 
Physics Quarterly (Allahabad) 

Roeorvc 


Grant 

Rs 

500 

1,300 

1,300 

1,000 

1,000 

050 

050 

650 

300 

1,000 

1,300 

150 

b50 


650 

350 

750 

700 


Grant 

Rs 


2o0 

250 

350 
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National Institute of Sciences of India Research Fellowships 

The following National Institute of Sciences of India Rescarcn mellows wore 
carrying out research work at places mentioned against their names during tho year 
under report 

Senior Research Fellowship 

Dr F C Auluck (Physics), Dolhi University, Delhi 
Dr P N Bhaduri (Botany), Calcutta University, Calcutta 
Dr M B Pithawalla (Geography), Karachi 

Dr M A H Qadn (Zoology), Muslim University, Aligarh (Up to July 31, 
. 1947) 

Dr K Subba Rao (Chemistry), Central Collogo, Bangalore 
Junior Research Fellowship 

Dr C Datta (Botany), Calcutta University, Calcutta 
Mr P A It Jy or (Zoology), Central College, Bangaloro 
Dr N L Phabnkar (Chemistry), Sir Parashurambhau College, Poona 
Dr A K Saha (Physics), Calcutta University, Calcutta (Up to Juno 30, 
1D47 ) 

Mi K S Smgwi (Physics), Delhi University, Delhi 

Dr V R Thiruvenkata Char (Mathematics), Central College, Bangalore 

Dr N K Sarkar (Chemistry), Calcutta University, Calcutta 

For want of formal sanction of the additional Government grant necessary for the 
purpose, no Rcseart h Fellowships were awarded by the Institute this year Applica- 
tions have, however, been invitod and appointments will be made as soon as funds 
are sanctioned 

Imperial Chemical Industries (India) Research Fellowships 

The following Research Fellows continued to carry out research work at places 
noted against their names — 

Mr P C Bhattacharya (Physics), Calcutta Umvorsity, Calcutta 
Dr P C' Datta (Chemistry), Calcutta University, Calcutta (Up to October 
15,1947) 

Dr K N Singh (Botany), Benares Hindu University, Benares 

Dr R V Sitholoy (Palaeobotany), Lucknow University, Lucknow 

Dr M K Subramaniam (Biology), Indian Institute of Science, Bangaloro 

* Dr Ram Parshad (Physics), National Physical Laboratory, Delhi (Up to 

June 30, 1947 ) 

'Mr S P Basu (Zoology), Fisheries Department, Government of Bengal, 
Calcutta 

* Mr H N Bose (Physics), -Calcutta University, Calcutta 

Tho Imperial Chemual Industries (India), Ltd , sanctioned a grant of Re 67,200 
for the awaril of I C I Research Fellowships in Physics, Chemistry and Biology 

National Register of Scientists 

At the instance of the Scientific Man-Power Committee of the Government of 
India, the National Institute of Sciences of India has issued a questionnaire to assess 
the ‘drift’ or ‘leakage’ of scientific talents in the country The hat will* include 
names of persons who possess high scientific and technical qualifications and are 
either unemployed or engaged in non-technical or unproductive occupations 


Appointed during 1947. 
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The institute has also started work on the preparation of a National Register of 
Scientific and Technical Personnel available in India 

Grants from the Government of India 

The Government of India sanctioned for the year 1947 48 tho following grants — 

(1) Recurring — Rs 1,17,000 for expenses on staff, research fellowships, publica- 
tions and other general expenses 

(2) Non-recurrtng — Rs 2,20,000 for the new building (not likely to bo utilised 
* this year) 

Other Grants 

The following grant in-aid was also received b\ the Institute during the year — 
Rs 600 from the Calcutta University 

Site for the new Building. 

The quostion of allotment of a suitable site m New Ddln is nearing decision 
Sanction to the allotment of a site near the All-India Radio Station oi near Kotla 
Ferozshah on tho Muttra Road is oxpocted at an early date 

Delegations to Foreign Conferences 

The following Fellows of the Institute were appointed delegates to Foreign 
Conferences by the Government of India 

Dr H S Pruthi, Sc D , Ph D , Plant Piotection Adviser to the Government of 
India, led the Indian Delegation to the International Food Inlostation Conference 
held in London m August 1947 

Dr M N Saha, DSc.FRS.FRASB, Palit Professor ol Physics, Cakutta 
University and Dr H J Bhabha, Ph D , D Sc (Hon ), F R S , Director, Tata 
Institute of Fundamental Research, Bombay, wore deputed Government of Tndia 
representatives to attend tho International Conference for Conti ol of Atomic Energy, 
held in Paris in November 1947 

Report by Foreign Secretary 

In accordance with No 61 of tho Rules and Regulations of tho Institute, tho 
Foreign Secretary sent in his report detailing action taken by him regarding the 
following matters 

(1) Conveying thanks of the Institute to institutions concerned for presents 
of books and publications and for hospitality shown to delegates ot tho Institute to 
Conferences abroad 

(2) Acknowledging receipt of 74 declassified reports on Atomio Energy from tho 
Ministry of Supply, Directorate of Atomio Energy, London 

(3) Information of persons elected by the Institute as Honorary Fellows 
The Council at its meeting on November 7, 1947 

Resolved — 

(i) that it would be desirable to widen the scope of the work of tho Foreign 
Secretary, 

(u) that it would be desirable to establish more international contacts , 

(ill) that quarterly report of tho work and activities of tho Institute should 
be Bent to the Royal Society, London, for publication, 

(iv) that the President be authorised to move in the matter of representation 
of the Institute on various Committees established by the Government 
of India for dealing with the question of International Scientific 
Unions. 
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LIST OF FELLOWS 

ORDINARY FELLOWS, 1947 

1 A 1IU A HAM, W E V , Lt To] , A K C H (I ), i OS, M Int 1* T , Senior Geologist, Burnish 

Oil ( 'o , Ltd , Burma (1936) 

2 Aohabkab, 8 P , M \ , !“h t), 1 LS, Maharashtra Assoi lation for the Cultivation of 

belt nee, Law C olloge, Poona 

3 Ahmad, Bashir, M b< , Ph D , Dnt'itor, University Institute of Chemistry, Punjab 

University, Lahore (1944) 

4 Ahmad, Nazis, O B E , M .V , Pli D , ( ontrnctor Building, 3rd Floor, Nitol Hoad, Ballard 

Estate', Bombay 1 

5 Ary am, H Gopala, M A , L T , M be , Professor of Zoology, Andhra University, Waltair 

(1938) 

6 Ajmmkam, h L , B A , I E S (Betd ), Bhandarknr Institute Road, Poona 4 

7 Ananda Kao, K , Rao Bhadadur, M A , I E 8 , Professor of Mathematics, Presidency 

College, Madras 

8 Ash, W C , B 8c , M Inst C E , A M I Me<h E , c/o Lloyds Bank Ltd , 6 Pall Mall, London 

9 Auden, J B, MA (Cantab), Geologist, Geological Survey of India, 27 Chownnghee, 

Calcutta (19.18) 

10 Awati, P R, BA, DIC, IE S (Retd ), 769/20 Deccan Gymkhana, Poona 4 

11 Baqchef, K D , D St , D I C , Forest Botanist, Forest Research Institute, New Forest, 

Dehru Dun 

12 Baoohi, K N , Rai Bahadur, BSc,MB,DTM,‘FRIC,5 Ballygimge Plate, Ballygunge, 

Colt utta 19 (1940) 

13 Baht,, K N , D Sc , D Phil , Professor of Zoology, Lucknow University, Lucknow 

14 Banebjkk, K , D bt , Mohendralal birtar Professor of PhyBits, Indian Association for the 

Cultivation of Silence, 210 Bow bazar Street, Calcutta 12 (1939) 

15 Bankhji, A C , M ht , M A , F R A S , I E S , Gyan Kutir, Beh Road, Allahabad 

U> Bakamji, I , D Sc , Lecturer in Botany, Calcutta University, 36 Ballygunge Circular Road, 
Cali utta 19 (1945) 

17 Bakkkji, 8 K , O B E , D St , Direttor General of Observatories, Lodi Road, New Delhi, 

18 Baud han, J C , I) St (Cal & Lond ), Khaira Professor of ChemiBtry, Calcutta University, 

92 Upper Circular Road, Calcutta 9 (1042) 

19 Basu, J K , M Sc , Ph D (Lond ), Soil Physicist to the Government of Bombay, Sliolapur 

(1941) 

20 Basu, N M , M A , 03 Hindus then Park, Ballygunge, Calcutta (1944) 

21 Basu, 8 , M Sc , Dy Director General of Observatories, Meteorological Office, Ganesh 

Khmd Road, Poona 6 (1946) 

22 Basu, U P , M St , Chief Chemist, Bengal Immunity Oo , Ltd , 163 Dharamtala Street, 

Calcutta 13 (1946) 

23 Beeson, C F C,CIE,DSc, Thames House, near Eyi^ham, Oxford 

?4 Behabi, Ram, M.A , Ph D , Professor of Mathematics, Delhi University, Delhi (1941) 

26 Bhabha, H J , Ph D , D So (Hon ), F R S , Director, Tata Institute of Fundamental 
Rest arch, 53 Pedder Road, Bombay 26 (1941) 

26 Bhaduhi, P N , Ph D,FRM3,FKHS,FLS, Lecturer m Botany, Calcutta Urn- 
vomty, 35 Ballygunge Circular Road, Calcutta 19 (1944) 

27. Bhaeadwaja, Y , M St , Ph D (Lond ), F L 8 , University Professor and Head of the 
Department of Botany, Benaros Hindu University, Benares (1937) 

28 Bhabuwia, F R , B A , B Sc , M Sc , D 8c , Professor of Botany and Head of the Depart 

meat, Royal Institute of Science, Mayo Road, Bombay 1 (1939) 

29 Bhashaka Skabtki, T P , Rao Haheb, M A , F R.A.S., Director Nizamiah Observatory 

(Retired), ‘Manorama’, Be gum pet, Hyderabad (Deccan). 

2B 
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80 Bratkaoab, Sib S 8,Kt,OBE,DSo,FRS,FRIC,F Inst P , Director of Scientific 
and Industrial Research, Imperial Secretariat, North Block, New Delhi 

31 BhattachabyA, D R , Rai Bahadur, D 8c , Ph D , F Z S , Professor of Zoology, Allahabad 

University, 7 Malaviya Road, Allahabad 

32 Boktobd, G , Lt -Col , R E , Westways, Bothenhampton, near Bridport, Dorset, England 

33 Bob, N L,CIE,MA,DSc,FL 8, e/o Messrs Lloyds Bank (Cox and Kings Branch), 

8 Pall Mall, London (1041) 

34 Boss, D M , M A , B Sc , Ph D , Director, Bose Institute, 93 Upper Circular Road, 

Calcutta 9 

35 Boss, G S , D Sc , M B , Head of the Department of Experimental Psychology, Calcutta 

University, 92 Upper Circular Road, Calcutta 9 

38 Bosh, N K , M Sc , Ph D , Director, River Research Institute, Anderson House, Alipur, 
Calcutta (1938) 

37 Bosk, P K , D Sc , Director, Indian Lac Research Institute, Namkiun, Ranchi (1944), 

38 Boss, R C , M A , Lecturer in Statistics, Calcutta University, ProsidoiK y College, Calcutta 

(1942) 

39 Bose, 8 N , M So , Khairn Professor of Physus, Calcutta University, 92 Upper Circular 

Road, Calcutta 9 

40 Bose, 8 R , M A , Ph D , F R 8 E , Professor of Botany, Curmichael Medical College, 

Calcutta (1935) 

41 Burnt idok, W.DM.MA (Oxon) (Address not known ) 

42 Caldeb, C C , B Sc (Agr ), F L 8 , 18 Gladstone Place, Aberdeen, Scotland 

43 Crattebjee, N C , Rai Bahadur, D8c,FRES,AIISc,18 Raipur Road. Delira Dun 

(1942) 

44 Chopba, B N, DSo, FLS, Zoological Survey of India, Kaiser Castle, Benares Cantt 

(1935) 

46 Chopba, Sib R N , Kt , C I E , M.D ,ScD,FRA8B, FRCP, Brevet Col .IMS 
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APPENDIX II 

COMMITTEES 

SECTIONAL COMMITTEES, 1948 

(I) ‘ Mathematics ’ Committee for Mathematics, Astronomy and Geodesy — 

To serve unt 
Deo 91 

Mr R 0 Bose 1948 

Dr T Vijayaraghavan 1948 

Prof A C Banorji (Secretary and Convener) 1949 

Dr B N Prasad 1949 

Prof Ram Beliari 1990 

Prof V V Narlikar I960 


(2) ' Physics’ Committee for Physics and Meteorology — 

Prof Sir K S Knshnan 1948 

Prof D S Kothon 1948 

DrPK Kiihlu 1949 

Prof S N Bose (Secretary and Convener) 1 949 

Prof H J Bhabha I960 

Dr R N Ghosh 1960 


(3) ‘Chemistry’ Committee for Pure and Applied Chemistry — 

Sir S 8 Bhatnagar 1948 

Sir J C Ghosh 1948 

Dr K Venkatoraman 1949 

Dr J N Mukherjeo (Secretary and Convenor) 1949 

Dr J N Ray 1960 

Dr B 0 Guha 1960 


(4) ‘Engineering Sciences’ Committeo for Engineering, Metallurgy, Electro toehmcs 
and klndrod subjects — 

Mr W C Ash 1948 

Dr Gilbert J Fowler (Secretary and Convener) 1948 

Dr D R Malhotra 1949 

Prof G R Paranjpo 1949 

Mr P C Bose I960 

Dr 8 P Raju I960 


(6) ‘Geology’ Committee for Geology, Palaeontology, Mineralogy and Geography — 

Dr M S Knshnan 1948 

Prof L Rama Rao 1948, 

Mr J Coates 1949 

Mr V P Sondhi 1949 

Prof C S Piohamuthu I960 

Dr W D West (Secretary and Convenor) 1960 


(6) ‘Botany’ Committeo for Pure and Applied Botany, Forestry and Agronomy — 

Prof S P Agharkar (Secretary and Convener) 1948 

Mr K Rammh 1948 

Dr A C Josh! 1949 

Prof 8 R Bose 1949 

Dr B S Kadam 1960 

Mr M 8 Randhawa 1960. 
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(7) ‘Zoology Committee for Pure and Applied Zoology and Anthropology molnd.ng 
Ethnology — . . .. 


To serve until 


Deo 31 


Dr Verner Elwin 
Prof H K Mookerjeo 
Dr B 8 Guha 

Khan Bahadur M Afzul H isum 

Dr S L Horn (Socretury end Convenor) 

Dr Bnim I rashad 


1948 

1948 

1949 

1949 

1950 
1950 


(8) Physiology Committee for Animal Physiology 1 ithology Bacteriology, Pay 
chology and other Modi al and Voterinaiy s ibjo t« — 

Rai Ballad ir K N Bag 1 1 (Seciet tiy ind Convener) 

1 1 C ol C L Pasn 1 u 
Sir S S Sokliey 
Prof N M Basu 
Capt M O Kun 
Dr A C Ulal 
Dr G Bose 
Dr B Mukorji 
Dr C G Pandit 


1948 

1948 

1948 

1949 
1949 

1949 
1960 
I960 

1950 


FINANCE COMMITTEE, 1947 

The President 
Tho Treasurer 
The two Secretaries 
Dr B C Guha 


EDITORIAL BOARD 1947 

Dr 8 L Hora 


Editor of Publications 
Members k Mathematics 

Chemistry 

Geology 

Botany 

7oology 

Anthropology 

Physiology 


Prof D D Kosambi 
Prof H J Bhabha 
Prof B B Dey 
Dr W D West 
Prof S P Agharkar 
Dr S L Hora 
Dr B S Cuba 
Dr K N Bagelu 


RESEARCH GRANTS COMMITTEE 
(Appointed January 1 l, 1947 ) 

Office bearers and C onveners of All Sectional Committees 


SCIENTIFIC PUBLICATIONS GRANTS DISTRIBUTION BOARD 


(Appointed on June 3 1946 ) 

The President 
One of tho Secretaries 
SlrS S Bhutnagnr 
Prof M N Saha 
Dr A t Uhl 
Prof K B Madhava 
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NATIONAL INSTITUTE OF SCIENCES OF INDIA RESEARCH FELLOWSHIPS 
COMMITTEE 


(To function up to November, 1948 ) 


The President 1 

The Treasurer J 

The two Secretaries ) 
Prof M R Siddiqi 
Dr S K Bonerji 
Sir J C Ghost 
Mr D N Wadi i 
Dr P Puriji 
Prof K N Ball! 

K B M Afzal H isnin 
Dr B Mukerji 
Dr S L Horn 
Sir S S bold oy 


Mathomnti s 

Cl omistry 

Otology 

Botany 

Zoology 

/oology 

Physiology 


IMPERIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIPS 
COMMITTEE 

(To function up to April 1948 ) 

The President ) 

The Treasurer > ex officio 

The two Secretaries J 

Prof M N Saha 
Dr Sir K S Knshnan 
Prof 8 N Bose 
Prof J N Mukherjee 
Dr K Venkataraman 
Sir J ( Ghosh 
Dr P Banja 
Mr K Rapuah 
Dr 8 L Hora 


Fhynes 

Chemistry 

Biology 


LIBRARY COMMITTEE 

(Appointed on November 22 23 1946 ) 

The President 1 

The Treasurer V ex offitno 

The two Secretaries } 

Prof A C Banerji 
Dr B N Prasad 
Dr Bairn Prashad 
Mr M 8 Randhawa 


CHANDRAKALA HORA MEMORIAL MEDAL ADVISORY BOARD, 1947 


Prof K N Bahl 
Dr H R Mehra 
Dr A B Mura 
Dr H K Mookerjee 


Dr Bairn Prashad 

Mrs ^Vuiya Hora }*>«ors (ex officio) 
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COMMITTEE APPOINTED TO CONSIDER THE PROPOSAL. FOR A UNITED 
ACADEMY OF SCIENCES OF INDIA 


(Appointed on March 7, 1947 ) 

The President \ 

The Treasurer > ex officio 

The two Seen t ire s I 

Dr 8 P Agh irkur 

Prof H I Blabln 

Sir I A Cl osh 

Dr I N Mukherjie 

Prof M N S»h» 

Sir S S Sokhey 


UNIVFRSITIFS COMMITTEF 


( A pjiomtetl on November 22 23, 1J46 ) 

The Pn sick nt i 

The Treasurer V ex officio 

The two Secretaries I 
Sir J «. Ghosh 

hir Mauri o Gwyer (Delhi University) 

Dr J N Mukherjee 

Dr P Parija (Utkal University) 

Prof M N Saha 
Sir 8 S Sokhey 

Prof Tara ( hand (Allahabad University) 

Mr D N Wadia 

Dr Ziauddui Ahmed (Muslim University, Aligarh) 


COMMIT! FE FOR CONSIDERING WAYS AND MEANS FOR THE PROMOTION 
AND POPULARISATION OF SCIENCE IN INDIA 

(Appointed on January 12, 1947 ) 

The 1 resident > 

The Treasurer > ex officio 

The two Seen tarns ) 

Prof K N Bald 
KB M Afzal Husain 
Dr J N Muklierjeo 
Prof M Qureshi 
Mr M S Randhawa 
Dr A C Ukil 
Mr JD N Wadia 


COMMITTEE TO EXPLORE POSSIBILITIES OF CARRYING ON ADVANCED 
SCIENTIFIC TEACHING AND RESEARCH IN AN INDIAN 
LANGUAGE AND THE QUESTION OF THE SCRIPT 
IN WHICH THIS COULD BE DONE 

(Appointed on Auguet 1, 1947 ) 

The Presid nt 

Prof 8 P Aghorkar 

Dr B B Dey 

Dr D 8 Kothan 

Sir K 8 Knshnan 

Dr J N Mukherjee 

Prof H J Bhabha (Convener) 
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Fhe Committee was requested to consult, among others, the following — 
Dr Tara Chand 
Dr Suniti Kumar Chattorji 
Maulvi Abdul Haq 
Dr Zakir Hussain 
Prof D D Kosainbi 
Prof 9 N Bose 
Prof N R Sen 
Prof Humayun Knbir 
Prof K Swaminathau 
Dr Raghu Virn 


COMMITTEE TO CONSIDER MODIFICATION OF REGULATIONS REGARDING 
ELECTION OF ORDINARY AND HONORARY FELLOWS AND FOR 
SECTIONAL COMMITTEES 

{Appointed on November 22 2J 194b ) 

Prof 8 P Aghtikar 
Dr A C Ukil 

Dr K N Bagihi (Convenor) 


COMMITTEE TO TAKE STFPS TO ENSURE THAT NAMES OF SUITABLE 
PERSONS ARE NOT LEFT OUT FROM THE LIST OF PROPOSALS FOR 
ELECTION AS ORDINARY FELLOWS 

(Appointed on April 4 5 1947 ) 

Dr K B Bugchi (Convenor) 
and ( onvenors of all Sectional Committees 


COMMITTEE APPOINTED TO CONSIDER ESTABLISHMENT OF 
INTERNATIONAL LABORATORIES PROPOSED BY UNESCO 

(Appointed on April 4 S, 1947 ) 

The President » 

The Treasurer V ex officio 

The two Socretanos ) 

Prof S P Agharkar 
Dr S K Banerji 
Prof H J Bhabha 
Dr B C Guha 
Dr 8 L Hora 
Dr A C Ukil (Convener) 


APPENDIX III 

IMPORTANT RESOLUTIONS OF THE COUNCIL 

1st January, 1947 — It was resolved that 2,000 copies (instead of 400 as heretofore) of the 
Proceeding* and Transaction* of the Institute be publiehod for distribution to Scientific bodies 
and University Departments in India and abroad in exchange for their publications for building 
up of the Library of the Institute 

7th March, 1947 — The Council appointed a Commibteo to consider tho proposal for the 
formation of a United Academy of Sciences by oombimng with tho National Institute of Sciences 
of India, the three co operating academies [The question was considered in a number of later 
meetings and has not yet been finally decided ] 
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M AprU, 1947 — (1) The Council resolved to recommend to the Government of India the 
establishment of a National Union of Geodosy and Geophysics for India 

(2) The Counoil resolved to recommend to the Department of Social Affairs, Studios and 
research of the United Nations the establishment of the following international laboratories for 
Research activities on international scale — 

(а) A laboratory for high altitude atmospheric and cosmic ray research high up in the 

Himalayas 

(б) A food and nutritional research laboratorywith special reference to food and food 

resources of South East Asia 
(c) An institute for fisheries and oceanography 

1st August, 1947 — The Council decided to prepare a National Register of Scientists, for 
which work the Council of Sciontihc and Ind istnul Roseau h had sun tionnd a grant of Rs 10,000 
to the National Institute of beiem.es of India The work is in progress 

1st August H)47 — The Council appointed a ( ominittoe (with eminent linguists c o opted 
for the purpose) for considering tin posmbiliti s of arrying out advanced research work m an 
Indian language and of tho bi st scupt for the purpose 

7th November, 1J47 — Th< Council revised the KegiUtions for oloo lion of Ordinary Follows 
with a view to ensure a more thorough scrutiny of the spec ■ d research work on whir h tho claims 
of a candidate to election are based as also to improve tho pro< oduro for expression of opinion 
by the Sectional Committees comomed and the Council 


APPENDIX IV 


ROCKEFELLER FOUNDATION GRANT FUND 


lo Balance 

Receipt during tho 


Rs A F 
15,000 0 0 

14,850 0 0 
29,860 0 0 


By Distribution during the year 
Balance 


Rs a r 
14 8W 0 0 
15,000 0 0 


29,850 0 0 


APPENDIX V 


CHANDRAKALA HORA MEMORIAL MEDAL FUND 


Founded in 1940 from a donation of Rs 3 000 by Dr S L Hora and Mrs Hora m memory 
of their daughter to bo bestowed trionmally on the person who has made conspicuously 
important contributions to tho development of fisheries in India during the five yuui preceding 
the year of award 

Rs A p Rs A F 

To Balanoo 3,099 13 0 By Investment 1 (MH1 0 o 

Interest realised Balance 112 0 o 

less Bank charges 12 9 0* 


1 112 


6 (1 


* This amount was realised as intorest on 31% G P Notes 1 842/43 These G P Notes 
have now been converted into 3% Conversion Loan of 194b The interest accrued on tho 3% 
Conversion Loan during the year has not yet been realised by the Institute a Bankers awaiting 
certificate of exemption of income tax, for which application has already been made 
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APPENDIX VI 

IMPERIAL CHEMICAL INDUSTRIES (INDIA) RESEARCH FELLOWSHIPS FUND 
Rs a p Rh a p 


To Balance 

Receipt during the 


11,512 
21,885 i 


By Fellowships and contingencies 
Administration 


24,077 

1,315 


0 0 


APPENDIX VII 

INDIAN SCIENCE ABSTRACTS RESERVE FUND 


To Balance 

iwt apart Tor com 
plotmg 1 Indian 
at lonce A hstrac ts ’ 
in the budget call 
mates for 1 949 47 


10,632 0 0 


10,632 


10,532 



annual bepobt 


245 


APPENDIX VIII 

ACTUALS FOR THE YEAR DEC 1, 1946— NOV 30, 1947 AND BUDGET 
ESTIMATES FOR THE YEAR DEC 1, 1947— NOV 30, 1948 


Ordinary Receipts 

Members’ subscriptions 

Sale of Authors copies and publication!) 

Interest on Investments 

Grant from Universities 

Donation 

Contribution from General Fund 


Extraordinary Receipts 

Admission Fee 
Compounding Foe 


Ordinary Payments 

Printing of Publications 
Printing and Stationery 

Contribution to other Science Academies under Rule 19 

Postage and Telegrams 

Office Equipment 

Advertisements 

Servants' Liveries 

Miscellaneous Expenses 

Rents and Taxes 

Subscription to Indian Standards Institution 
Freights, Cartage and Conveyance 
Bank Charges 
Audit Fee 


Budget 

Actuals Estimates 

1946 47 1947 48 

Rs Re 

6,082 8,000 

49 100 

1,164 1,300 

600 600 

4,402 2,000 

6.46J 2,640 

17,640 14,640 


480 480 

648 450 

1,028 930 


6,100* r > 100* 

3,207 2 000 

84 720 

1,000 2,000f 

4,837f 1 000 

727 500 

330 200 

882 500 

308 l,300J 

260 250 

800 800 

65 70 

50 100 

17,640 14,540 


Extraordinary Payments 

Funding of Admission Fee and Compounding Fee 1 ,028 


* In addition to Government of India grant 

t Excess due to publications to be despatched to foreign countries (for the past years) 

X Eroess over Government of India grant for Office equipment and cost of transfer of office 
from Calcutta 

{ Includes rent of Caloutta Office for tho last year 
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Council at their meeting of November 22-23, 1946, requested for a total grant of Rs 1,24,000 excluding the money (Re 60,000) required 




DISTRIBUTION Of WATER VAPOUR IN THE ATMOSPHERE OVER AGRA 
By N K Saha, D Sc , University of Delhi 
(Communicated by Dt R C Majumdar, FN I ) 

< Received March 18 , read August 4, 1047) 

§1 Statement of the Problem 

It ib well known that the presence and distribution of water vapour m the 
atmosphere ovor any place is of supremo importance m determining meteorological 
conditions of the place The air contauung wutor vapour being subjected to con- 
veotional or advoctional prooesses gives rise to a rich variety of meteorological 
phenomena resulting from the condensation of the water vapour Further the 
distribution of temperature at different lovels of tho atmosphero is c losely related to 
the distribution of water vapour The works of Gold (1909), Humphrey (1909), 
Emden (1913) and Simpson (1928) have definitely established that the gases of tho 
atmosphere allow almost free passage to the solar radiation to the surface of 
tho Earth, but the long wave radiation emitted by tho heated earth is absorbed 
strongly by the water vapour and other gases of the atmosphere, which m turn, 
by radiating out their characteristic wavelengths form a condition of radiation equi- 
librium and maintain the observed distribution of temperature of the atmosphere 
For all quantitative approaches to tho problems of Meteoiology arising out of 
condensation of water vapour and those depending upon the mechanism of tem- 
perature distribution in the Earth’s atmosphero, an exact knowledge of the distribu- 
tion of water vapour m the different layors of tho atmosphere is therefore essential 
To cite one example, we may mention the classical work of Simpson (1928) on tho 
calculation of terrestrial radiation Simpson has assumed that at the base of the 
stratosphoro the air is completely saturated with water vapour and within the 
stratosphere the water vapour forms a self consistent atmosphere of its own, 
aooording to Dalton’s law of pressure distribution, supported by the saturation 
pressure at the base -From wliat follows m this paper, it appears, however, that 
the relative humidity at the baso of the stratosphere (over Agia) does not exceed 
11% Further the complete absence of convection and turbulence whnh is 
a necessary condition for the formation of a self-consistent water vapour atmosphere 
within the stratosphere is also probably doubtful, as has been shown by the works 
of Maris (1929) according to which the diffusion equilibrium of the atmosphonc gases 
does not completely set in below 160 km height 

Experimental measurement of the water vapour content of air cannot un- 
fortunately be suooessfully made up to a great height of the atmosphero The dry and 
wet bulb thermometers which are ordinarily employed for suoh measurements at 
the surface become ineffective at higher levels duo to condensation of water vapour 
and deposition of ice particles on the wet bulb Tho hair hygrograpli in a rapidly 
ascending (Dme’s) meteorograph is therefore commonly used in upper air soundings 
But the hair hygrograph has got inherent sources of inaccuracy duo to its 
very uncertain time-lag in responding to the relative humidity (R H ) of the 
surrounding air This error can be partially eliminated by taking the hygrograph 
record both in ascent and desoent of the instrument But the greatest uncertainty 
of the hair as R H -measurer arises out of the fact that its properties m this respect 
'have not been studied at such low temperatures as occur at the high levels of the 
atmosphere 
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An Approach to tho theoretical calculation of water vapour ^intent of tho at 
mospheio at different layors presents no Loss difficulty Tho theoreflfcal calculation 
might appear principally easy Assuming that a thorough mixing of the at 
mosphonc gases takes place at all heights boginmng from ground at least up to the 
base of tho stiatosphoro, we» can take tho same percentage proportion of water 
vapour to exist at all heights as at tho ground (for Agra the average proportion of 
wator vapour at ground is about 2% by volume) Tho rate of fall of water 
vapour with height will then follow the law of fall of barometric pressure with 
height We are however led to a paradoxical result if we proceed on this line (vide 
§4) h or examplo, with the upper air temperature data of Agra (§2) and the observed 
avtrage vapour pressure at ground at Agra / 0 =- 17 8 mb we got the following 
rosults by the above method 

Table 1 

* 0 2 4 8 8 10 gRm 

rem] erature 11 5 18 0 3 5 -5 5 —17 0 -33 0 “C 

EjE 0 1 0 39 0 17 0 087 0 075 0 009 

///„ l 0 79 0 625 0 49 0 37 0 28 



Fig 1 Air Temperature at different heights over Agra from Dine’s Meteorograph Ascents 
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where E and / are the saturation pressure and the oalculated water vapour-pressure 
at the height z, and Eq and / 0 the oorresponding quantities at the surface It is 
seen that the oalculated vapour-pressure at any height far exceeds the saturation 
proasure, whioh, as is well known, is solely determined by the temperature prevailing at 
the height This difficulty has led to the concept that unlike the other permanent 
gases Nj and Og of the atmosphere, an mdependent water vapour atmosphere cannot 
really exist The vertioal temperaturo distribution of the atmosphoro sets a limit to 
the free diffusion of water vapour into highor levels The air temperature decreases so 
rapidly with height that the total amount of the water vapour at tho ground, if 
allowed to diffuse freoly into the atmosphere would begin to condonso at a small 
height above the ground and will partially return to the ground as precipitation 

The India Meteorological Department employs the hair hygograph m their Dino’s 
meteorograph ascents for recording the R H of tho upper air Tho method is obvi- 
ously subject to the limitations mentioned above An examination of tho data 
obtamed by meteorograph asoents over Agra during the year 1 932-35 bIiows that none 
of the hair hydrograph reoords goos beyond the hoight of 10 gKm and 80% of them 
terminate at 8 0 gKm As this height falls far short ot the hoight of tho stratosphere 
over Agra (about 17 gKm ), thero is at present no means of direct measurement of tho 
distribution of water vapour near about the stratosphere over Agra Probably a 
substantial improvement in the matter cannot be effected unless the hair hygrograph 
is replaced by a radically different instrument * capable of greater precision In the 
absonoe of any suoh instrument, it is considered worth while to leview the eustmg ob- 
served data regarding tho distribution of R H up to 10 gKm and to try, as a tentative 
measure, if any general law on the distribution of water vapour with height can be 
arrived at This is the purpose of the present paper A theoretical deduction of 
the observod distribution is also attempted and the* diffic ultios ot any such 
deductions are dismissed It is shown here that the observed distribution of 
water vapour pressure oan be satisfactorily explained up to 9 gKm on tho theoretical 
basis if the variation of lapse rato of temperature with height is rigorously taken 
into account 

§2 The Experimental Data 

For details of the form and speoifioation of Dines Motoorograph adopted 
by the I M D , reference may be made to tho departmental publications me hiding 
the ‘Upper Air Data ’, vol VI to vol X, Part 14 Eight complete sots of data out of 
the entire observations taken during the period 1932-30 were selected Tho basis 
of selection was that (i) the day of tho motoorograph ascent was, as far possible, 
a oloudloss and undisturbod day, and (u) the data selected refem d to a stratosphere 
of type I, that is, where the stratosphere began with a well-marked temperature 
inversion The height of the stratosphere was taken as tho hoight of the beginning 
of the zero lapse-rate The time of all ascents was between 1 1 00 and 1 300 GMT 
The mean observed temperature and relative humidity as obtamed from the 
above asoents are shown in the columns 1, 2 and 4 of table 2 and Figs l, 2 and 3 
Fig 1 represents the observed distribution of temperature with height from three 
typical flights Fig 2 shows the mean height -temperature curve (mean of tho eight 
sets of data selected) Fig 3 showB the distribution of obsorved R H with height As 
the mean error of obsorved temperature of Fig 2 does not generally exceed 1%, the 
smooth temperature distribution curve of Fig 2 is perhaps fairly accurate From this 
curve the height of the stratosphere over Agra comes out to ho 17 0±0 3 gKm 
(as the year’s mean) The average lapse-rate of the atmosphere assumed perfectly 
polytropio between the ground and the stratosphere would be given by the dotted 


* The method employed by the USA Meteorological Department in their Radiosonde 
ascents, I understand, depends on the change of electrical resistance of LiCl solution with absorp- 
tion of water vapour and appears to be yielding good results. 
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straight hno of Fig 2 and is about 0 0°C /gKm It is seen clearly that the actual 
height temperature curve is not strictly linear From the up to about 

4 8 gKm (which is roughly the level corresponding to 0°C ) the temperature dimi- 
nishes moro rapidly with height than given by the average lapse-rate, higher up 
up to about 11 gKm the actual lapse-rate is less than the average and above 
this height the lapse-rate again exceeds the average till the base of the stratosphere 
is reached, above which the lapso-rate is zero or negative We shall return to this 
point later 



Unlike the measurement of temperature, the error of measurement of the R H 
is very considerable for reasons already explained in §1 Only a very rough height- 
R H curve can therefore be drawn through the observed points as shown in Fig 3 
The mam features of the curve, however, seem to be fairly unambiguous There is 
a rapid merease of R H ftom the ground up to about 2 0 gKm and then a very slow 
rise up to about 5 0 gKm (which, it is noteworthy, is very near to the height of 0°C ) 
Afterwards the R H diminishes almost linearly up to 9 0 gKm The R H at any 
level depends upon the amount of water vapour present at the level as well as on its 
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Table 2 



temperature The rapid uicrease of R H from ground up to 2 0 j Km seems largely 
to be an effect of rapid fall of temperature over this height The variation of satura- 
tion pressure of water vapour with height (Fig 4) shows a corresponding largo rate 
of decrease of saturation prossure up to 2 0 gKm The region betwoen 2 0 gKm and 
5 0 gKm contains probably tho ‘ Perturbation Zones due to condensation ’ in the 
sense in which SOring uses this torm Here in spite of a lower lapse-rate of tem- 
perature which would tend to docroaso the RH with height, it increases at a slow 
rate duo to influence of the ‘ condensation zones ’ Between 5 0 gKm and 100 gKm 
the lapse-rate of temperature is again on the increase But the effect of rapid 
decrease of actual amount of water vapour with height more than compensates the 
effect of mcreasmg lapse-rate and the result is a steady fall of R H with height 
observed between these levels Qualitatively wo are therefore led to the conclusion 
that above the height of 5 0 gKm the amount of water vapour present diminishes rapidly 
with height but below this height the fall is less rapid on account of the influence of the 
condensation zones 

Tho (observed) vapour pressure at different heights obtamod by multiplying 
the saturation prossure by the observed R H at the corresponding levels are shown 
by the crossed points of Fig 4 and Fig 5 The dotted curve of the figui es represents 
the observed variation of vapour-pressure with height It does not show the irre- 
gularities of the R H ourve of Fig 3 The rapid increase of R H with height up to 
2 0 gKm makes itself apparent in the slow rate of relative decrease of vapour-pressure 
with height m the very low levels (not shown in Fig 5) Tho more rapid relative 
decrease of vapour-pressure in high levels is to be ascribed to almost constant or 
steadily falling R H with height above 2 gKm 


§3 Thb Decrease of Wateb Vapour Content of the Atmosphere 
with Hbioht 

Early attempts at generahsation of the observed variation of the water vapour- 
pressure with height have led to the important result that the ratio of vapour- 
pressures at two given heights is practically constant and Independent of tho vapour- 
pressure at the surface Thus Surrng has shown that the average fall of vapour- 
pressure at 2 0 Km height relative to vapour-pressure at the ground, l e /*// 0 is 
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about 50% both in Switzerland and in Ceylon, although the surface vapour - 
pressuro m Switzerland is 9 mb and that m Ceylon 29 mb ratio for Agra 

\Mth (fa = 18 7 mb) our present data (table 2) tomes out to be 58%, winch 
confirms Sunngs generalisation This result has given clue to the empirical formula 
of Hahn and of Nlirmg which express the vapoui -piessure as a function of height 
above sea-levol 



. TJ A formula given by Hergesell (1919) based on a careful series of measuiements 
of R H up to 4 0 Km height at Lin den berg is 

/ w = 3 119 e 23 688 '/ r mm . (1) 

'Ko* = 1 833 + 1 603 - (per cent) (2) 

where f H = vapour pressure m mm at the level having the air temperature of 
t°C or T° K The relative humidity (%) at the level is R = lll 100, E = saturation 
pressure at the level in mm given by the formula (Scheel) 

E = 4 581 .« 1 ®' 8a *^ r min. 


( 3 ) 
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The constant 3 119 mm is obviously tho vapour. pressure at the level of 0°C tem- 
perature Formula (3) makes it clear that the saturation vapour pressure is deter- 
mined solely by tho tempuatuie of the level Similarly (1) and (2) indicate that 
the vapour-pressure and tho R H are apparently reducible ultimately to a function 
of the temperature alone 



Fio 5 Comparison of Calculated and observed water vapour pressure at Agra 

With the constants of the formula (1) and tho observed temperatui e-data over 
Agra as given in table 1, the vapour-pressure at different heights ovor Agra is calcu- 
lated by Horgesell’s formula (1) Tho results are shown in column 6 of table 2 
For Agra t = 0°C at the height 2 = 47 gKm Tho calculated values of / are there- 
fore given only for the levels 5 0 gKm and above, as Hergesell’s formula would be 
valid only above the condensation level Considering the macouraoies of the 
observed v alues of R H , tho agroement between the observod and the calculated 
values is good Hergesell has asserted that his formula would be roughly valid for 
all latitudes and up to a very low temperature (very great height) The agroement 
seen here between the observed and the calculated values of / makes it probable 
that Hergesell’s assertion is correct 

At the level of 0°0 (about 4 7 gKm ) over Agra, tho obsorved R H is ~G3%, 
the saturation pressure E 0 = 6 1 mb , which together give tho prossure of water 
vapour at this level <f> 0 = 3 9 mb Hergesell has taken the value of fo = 4 16 mb 
The agreement is again satisfactory 

It is, of course, not possible to test the accuracy of Hergesell’s formula with our 
scanty data Nevertheless, a recalculation of the constants of Hergesell’s formula 
in order to fit our observed values of / at Agra at 7 0 gKm level gives the oonstant 
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26 !>0 (= j8) instead of Hergesell’s value 23 563, taking <£ 0 = 3 9 mb as obtained 
above Wo thus arrive at the formula 




<f, Q = 3 9 mb 1 
/3 = 26 90 i 


The values of / calculated from (4) are shown in column 7 of table 2 These 
show very closo agreement with the observed values m column 5 

The stratospheric temperature over Agra (at ~ 1 7 gKm vide table 2) is ~ — 79°C 
Using formula (4) the vapour pressure at the stratosphere comes out to be 
~6 8blO~ B mb The saturation vapour-pressure at — 79°C is ~() 61 10~® mb 
(over ice) * The R H at the stratosphere therefore comes out to be ~ 1 1 % 


§4 Interpretation of the Empirical Formula (4) 


Assummg a polytropic atmosphere with a linear fall of temperature with 
height, we can write 

T = T 0 -yz (4«) 

where y = lapRe-rate of temperature in °C /gKm , T 0 = temperature in °K at the 
surface, T — temperature in °K at the height z gKm The pressure of the atmosphere 
p at the height z is then given by 


where p 0 = pressuro of the atmosphere at the surfaco (sea level), T m = the inte- 
grated mean temperature defined by 


T m 


dz _ 
T ~ 




(8) 


R = 2 87 10® ergs, and g = acceleration due to gravity (assumed constant) Assummg 
further that a thorough mixing of the atmospheric gases exists at all levels from 
ground to the stratosphere, the relative fall of pressure with height of any component 
t of the atmosphere would be the same as that of the total atmospherio pressure as 
given by (5) We can therefore write for the vapour pressure / of the component » 


filU - p/Po = e 

Now calhng <f>, 0 = water vapour pressure at the level with temperature t 
T — 273°K = l /a, we have from (5) and (6) 

Further the formula (4) can be written in the form 

«... 


(7) 

0°C, 


( 8 ) 

( 9 ) 


Washburn, International Critical Table, Volume TTI 
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where ft =• const ■= 26 90 Now the temperatures between the ground and the 
stratosphere at Agra fall within the range T = 300°K to 173°K, or u = 273/7' bes 
within the range 0 91 to 1 673 Now smce 


In u = (u- 1 ) — i(u- 1 )*+ J(u — 1 )J— 
the equation (9) reduces to 

-Pin — 

La =4,» e 

m the first approximation We have therefore 


(for 2 >m>0), 




-(fr- 


it is clearly seen that the ratio/, tjf ( would increase gradually with increasing height 
as T decreases This means that if we use (8) for calculating /, in terms of </>,„, the 
calculated values would show more and more disagreement with the obsei \ ed values 
(which are reproduced more or loss by f iA ) as the height mcreases That this is a fact 
is clearly seen from table 3 given below 


Tama 3 


* gKm 

6 

0 

7 

8 

0 

10 

/ obe 

34 

23 

1 4 

0 71 

(l 30 

~ » 10 mb 

/ oalo 
from (8) 

3 82 

3 41 

3 0 

2 57 

2 20 

l 94 rob 

fade. 1 fobt 

1 1 

1 n 

2 I 

3 5 

7 5 

~I9 

(273 IT)* 

1 08 

1 0 

226 

4 1) 

7 4 

105 


The calculated value of vapour-pressure is seen to be 1 6 tunes the observed value 
at 6 gKm and more than 10 times that at 10 gKm height The ratio 
agrees fairly well with the values of (273/2')^, which proves the essential correctness 
of our calculation 

The reason for the discrepancy between the observed and the calculated values 
cannot be ascribed to the perturbing effect of the condensation zones which possibly 
comes into play only at lower levels The reason must be more fundamental 

One source of inaccuracy remains m our calculation of (5), namely, a uniform 
lapse-rate of temperature y has been assumed at all heights This, m reahty, does 
not hold, as oan be seen at a glallce from Fig 6 The average lapse rate over ±(*5 
gKm for different heights between the surface and the stratosphore has been calcu- 
lated from Fig 2 and plotted in Fig 0 The curve shows a pronounoed minimum 
(y«%4°C /gKm ) at about 5 gKm which is very near to the -0°C level, and probably 
another minimum at about 19 gKm At 17 0 gKm (stratosphere), y = 0 Between 
0 and 3 gKm and again between 10 and 13 gKm , y has got a very high value, about 
8°C /gKm (vide §2) The effect of variation of y on (6) cannot be readily seen from 
our previous formulae, as (4) and the integration of (6) would no longer hold when 
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y is a variable But as the nature of the funotion y = /(z) is not known, only the 
particular cases that may arise in praotiee can be treated sepanMffc 


t *< 7 «" 



Fio 0 Variation of Mean Lapse rate of Temperature with height 


§5 Vapour-Pressure as a Function of Temperature and Lapse-rate of 
Temperature 

Let f,T = pressure, temperature at the upper level z gKm , 

/i, 1\ = „ „ the lower „ Zi~4 7 gKm (m this case 

at level with 1\ = 273°K), 

y = lapse-rate of temperature m °0 /gKm , 
t, ti = temperature in °0 corresponding to T°K, T^K respectively 

Case I 

y n constant, t = fj— y(z— Zj), 

f dz = f dz f d(z—Zj) 1 ^ 1 -f-otfi — oty(z~Z]) 

J 1+ai J l+atj-ay(z--Z|) J 1+a/i— ay(z— Zj) ay 1+a/j 

*i *i 0 

“ Wh6re a “ 258* T = 273+< 
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The usual formula for vapour-pressure analogous to (6) taking aooount of (0) 
is then * * 


1 f _A_ 
U J 1+oU 


Ry^ T’ 


where H = ^ 
9 


R_ 

go. 


(12) 


The empirical formula (4) can he put into the form (9) comparable to (12) 

/ = /i •-“»i “T 2 , Jn^=-26 90hi^ (13) 

Case // y corwrf , bud is a linear function of z The average y(z) beta eon Z\ and 
z, (where z > Zj), is given by 


v(*) 


Vi+i 


jdz = y,+Jy(z-z 1 ), 


(14) 


But ^ = y = const , « = <i-y(z-Zi) = <i-yi(z-Zi)-£ (z-*i) 2 > using (14) 
The pressure integial then becomes 


Let 


1 


dz 

1 +ati 


i: 


dz 

1 +«<t— ayi(z— «i)— « | (z-zi) 2 


z— *i, then the mtegral 


/ 


r_*_ 

I a+ix+cx 2 ’ 
s o 


(15) 


(15a) 


where o = 1 -f ad, b = — «y 1( and c = — ^ • In evaluatmg this mtegral, two cases 
may arise 

(l) If 6 s — 4ac >0 Then 


I 


£ 

j: 


dz j 4c dz 

a+bz+cx* ~ J (6+2cx) 2 — (6 s — 4nc) 

w ^ ere P ~ 5+2<», <J S = 6*— 4ac, dz = ~ - 


With the above meanings of o, 6, c, the condition ft* > 4oc is satisfied automatically 
when y is positive For, 6* « a* y\, 4ae = — 4(1+ at!) = _2a* T x y, *Now 

6 s , a*, Ti are all positive quantities Henoe if yi is positive, 4oc must then be 
a negative quantity, and hence smaller than 6 s The converse is, however, not 
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neoessanly true If yi is a negative quantity (lapse-rate of te mper ature decreasing 
with height, as towards the stratosphere), it does not follow? neces&Shly that 4oc > 6*, 
although then 4ac is a positive quantity The question remains to be exa min ed 
separately Now for 6*— 4oc > 0, 


I = 


2 dp _1 f P dp 1 r dp 

' 4 ~ q J t p~q~ q J b p+q 


~ q (p+q)(b 


-q) q L 


>-*)] 


Now p—b — 2cx, pb — b*+2bcx, q l - 
Then substituting these above 


(pb-q*)-q(p- 

b*— 4oc, whnh give pb—q 2 = 2c(bx+2a) 


- 1 1 Ti 2q2cx ~j 

q n "’’2c(te+2a) — q 2cxJ 


x{b+q)+2a 

x{b—q)+2u 


To come to the special case (y = const , y = 0, c = 0), from the general solution 
(16), put c = 0, then q = b Hence from (10), 


which at once gives results identical with (12) Now returning to the general case 

( 4oc\ 2(WeT 

1 — p- J , qx & bx j— w the first approximation 


(«+6a:)-f (a+gx) , 
“ 2a+ar(6-g) 


OCX 

~b(a+bx) j 

1+ ¥ J 

cxTi- 


i r ln ^ + 

q L ° 

? L * ,+«j 

al m (12a) 

„ R 
re H aa — 

i r, t 

fl|_ T x 


Hence finally UBmg (18) for the integral in (12a), we get the vapour pressure formula, 
fj<f>, 0 = e' 1 !’ 1 , where H = — 


—get 

"“PTT 


— ”1 

f] 


It is easy to see that the quantity ^ m — - is dimensionless The first term in 
the square bracket is the term corresponding to oonstant lapse-rate. The second 
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term is the contribution from linear variation of y with z We are confining, 
however, ourselves to the case y = positive, 1 o to the ascending portion of the ourve 
y agamst z Analysis of observed data (Fig 6) shows that this occurs approximately 
between 4 7 gKm and 8 gKm within the wholo range of height from surfaco to the 
stratosphere 

At 4 7 Km level itself, the ourve has got a minimum (corresponding to the con- 
densation pouit), y = 0, cxjb = 0 lfence the second term in (18) vanishes Again 
T = 7'j = 273°K, hence the first term is also zero, or / = 0, /, _ 4> l0 

It is perhaps best to evaluate the second term in (18) numerically by using the 
experimental values of T, y, y lor a number of levels between 5 gKm and 10 gKm 
From the curve in Fig 6 it follows that betweon 5 0 and 9 0 gKm , and roughly 
up to 10 gKm , Vj Ra 1 T /gKm 2 , ■y 1 = 4°(' /gKm (at 4 7 gKin ) Then putting the 

numerical values « = t x — 0°C , we have q = —0 0860, rjb b = —0 0146 

Further with the obseived tomperaturo data of the diffoient levels given in tablo 2 
and putting x = z— Zj, Zj = 4 7 gKm , we obtain from (19) the results shown m 
the second 1 ow ot tablo 4 below The calculated values of /, (with <f> l0 = 3 9 mb ) 
and tho corrospondmg obsorcod valuos aie also given m the last two tows of the 
same table and plotted in Fig 5 


Table 4 


* 

50 

.10 

7 0 

8 0 

0 0 10 0 gKm 

(fjtj cab 

(1 890 

0 bO 

0 394 

0 24 

(1129 ~<I01 

ebs 

0 K7 

o 59 

0 30 

0 19 

0 077 0 020 

SIB, 

0 02 

0 07 

0 40 

0 27 

0 13 0 040 

</,) calc 
from eqn (19) 

3 47 

2 34 

1 53 

0 93 

0 50 0 156 mb 

(ft) obs 

44 

2 3 

14 

0 73 

0 30 ~0 10 mb 


The observed values of / l<fi to , where <fi =39 mb are given in tho third row and 
the ratio of the saturation pressure at difleient levels to that at 4 7 gKiu (E 0 — b 1 
mb ) m tho fourth row The agroomont botwoon the calculated and the observed 
values of is surprisingly good up to 10 0 gKm except at 9 and 10 gKm where 
the calculated vapour pressures appear to be somewhat larger than the observed 
values But in view of the uncertainty of tho observed values the agreement can be 
regarded as satisfactory The calculated \ uluos of / are further seen to be smaller than 
the saturation pressure at all levels up to 1 0 0 gKm A major difhculty of all previous 
theoretical calculations of vapour-pressure (vide table 1) based on the assumption of 
a self consistent water vapour atmosphere from tho ground upwards thus appears to 
be removed 

Returning to the solution of the general mtegral of equation (15), the second 
case that may arise (i 8 — 4«c<0) cannot be compared with experiment for lack oi 
data and is therefore not attempted here 

It is further noted from Fig 6 that above 10 gKm height tho temperature lapse- 
rate y tends to a constant \alue up to 13 gKm A calculation oi fj<f>, 0 from (18) 
using y = 0 leads to much higher valuos at these heights than E/E 0 The observed 
values at tlieso lo\ ols are, however, consistently lowor than E/E 0 The disagreement 
between the observed arid the oaloulated value at these levels is significant It is 
possible that some new mechanism which arrests further increase of y with increasing 
height modifies the basis of our calculation altogethei As a possible oauae for tho 
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new mechanism may be mentioned the rapid increase in the horizontal wind velocity 
between 10 and 13 gRm over Agra as shown by Sur (1931) Bbaa the data obtained 
from long pilot balloon flights over Agra The rapid increase m wind velocity above 
10 gKm may give rise to the mechanical turbulence (Massenaustausoh) This is 
not the turbulence caused by the surface distortion of the stream line flow of wind 
due to ground resistances or temperature differences, but it is a hydrodynamical 
property of the fluid flow in which mixing of fluid masses of different layers takes 
place 

In conclusion, I wish to thank Professor D S Kothari, Ph D , and Dr R C 
Majumdar, Ph D , for many helpful suggestions and the India Meteorological 
Department whose publications on the ‘Upper Air Data’ I have made use of 

Summary 

The moan distribution of temperature between ground and 23 gKm height over Agra and the 
mean distribution of water vapour pressure up to 10 gKm height are obtained from an analysis 
of data from selected Dine’s meteorograph ascents over the station It is shown that the observed 
distribution of vapour pressure of water is quite accurately given by an empirical relation of the 



expression giving variation of water vapour pressure with height is derived taking into account 
the observed variation of lapse rate of temperature with height The results calculated from 
this expression show good agreement with the observed distribution of water vapour nearly up to 
1 0 gKm height At higher levels there is a discrepancy between the observed and the calculated 
pressures Probably the basis of our calculation is modified due to the influence of hydrodynami- 
cal turbulent o caused by rapid increase of wind velocity at very high IcvoIb 
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STUDIES IN THE PHYSIOLOGY OF RICE. 


IV The Effect of Photoperiodic Induction on Nitrogen Metabolism 
of Winter Paddy 


By S M Sircar and B N De 
(C ommunicated by Prof P Panja, F N 1 ) 

(Received October, 14 , read November 7, 1917 ) 

Introduction 

Previous investigations (Sircar, 1942, 1946) on vernalisation and photopenodism 
of rice have demonstrated the effectiveness of short days in inducing earliness, 
increased growth-rate and grain-yield In the preliminary work (Sircar, 1942) 
the application of 8 hours photoperiods to plants at an advanced stage of the 
vegetative growth has resulted in a significant increase in tiller number and an 
earlmess of ear emergence In a subsequent work (Sircar, 1944, 1946) different 
photoperiods have boen applied to seedlings in seed bods, as the application of the 
method in field practices is possible only by tho treatment of seedlings before trans- 
plantation Of the seed boil treatments for varying periods an exposure to short 
clays of 8 and 10 hours for 6 weeks duration uuluoee maximum earlmess and in- 
creased gram-yield Tiller number during the vegetative period is maintained at a 
highor level than in the control 

In order to understand fully these effects of photoperiods in accelerating 
flowering and growth-rate of rice culminating m increased gram yield investigations 
on the metabolic changes of the plants subjected to different treatments have been 
undertaken in this laboratory The main physiological processes that have been 
studied for those effects are carbohydrate and nitrogen metabolism The work on 
carbohydrate metabolism earned out by S amantarav M 942 1 has shown that the 
photoperiodic treatment increases the dry weight of the plant and that at the end 
of daily photoperiod the earlier leaves show greater accumulation ot total sugars 
than in the control, while there is a fall m the sugar content m the leaves formod 
later during the life of the plant The accumulation of sugar in the earlier leaves 
has been found to be associated with more production of tillers at these stages, 
while a fall m sugar content in the leaves of later stages is related to the translocation 
of sugars to the developing ears Surprisingly enough it thus appears that the 
reduction m day length from normal daylight of about 13 hours to 10 or 8 hours 
has not reduced the photosynthato formed, on tho contrary the application of a 
suitable photoperiod htfe been found to stimulate the plants to produce mcreased 
dry matter 

The biochemical ofianges of plants subjected to photoperiods have been deter- 
mined by Arthur, Guthrie and Newell (1930), Eckerson (1932), Hard Karrer and 
Dickson (1934), Murneek (1937), Nightingale (1927), Trncker (1928) and Parker and 
Borthwick (1939) Some of these workers have attempted to oxplarn the photo- 
periodio response by the relative amounts of carbohydrate and nitrogen compounds 
of the plant, generally known as the C/N ratio Suggestions have been made that 
transition from the vegetative to the reproductive phase is brought about by an 
accumulation of carbohydrates or by an excess of carbohydrate over nitrogen 
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compound Tincker (1928) from studios on chemical «6 f>mp oBition of several 
economic plants which have been submitted to the treatment of different photo 
periods has come to the conclusion that there is considerable correlation between 
chemical composition as expressed by this ratio and the behaviour of the plant to 
varying periods of daily illumination The investigations of Nightingale (1927) 
and Etkerson (1932) have shown that the length of day influences the production 
of reduc tase, the enzyme responsible for the assimilation of nitrate nitrogen The 
activity of tho enzyme is to convert excoss carbohydrate and nitrate nitrogen into 
organic mtiogen and thus a proper balance of C/N ratio necessary for the transition 
to reproductive growth is maintained Parker and Borthwick (1939) reported 
that in soybean total nitrogen and soluble non-protoin mtrogen were higher in tho 
plant receiving 8 hours photoperiod than m tho control Carbohydrates weie 
lower than in the i ontrols with the exception of starch in the loaves which was 
higher The effects of the short and long day on the chemical composition of the 
loaves of young wheat plants were Btudiod by Hard Karrer and Dickson (1934) 
Early flowering in long days was found to be associated with highost carbohydrate 
and lowest mtrogen poi cent in the leaves But this resulted in a very low yield of 
gram in one varioty, Turkey On the other hand, the vegetative plants of tho short 
day treatment showed highest mtrogen and lowest carbohydrate per cent and these 
were associated with good grains in Hardfederatwn and with sterility in Turkey 
The conclusion was drawn that there was no relation between the carbohydrate and 
mtrogen contents on subsequent gram-yield Murnoek (1937) working with Biloxi 
soybean lopoitod that changes in the relative amounts of carbohydrate and mtrogen 
compounds do not appear to be of sufficient magnitude to account for tho initia- 
tion of flower primordia For satisfactory ftuiting, however, he suggested that 
a favourable relationship between carbohydrate and mtrogen compounds may be 
essential 

In some of theso investigations plants were grown throughout tho season m 
different photoporiods and changes in the chemical composition of the plants noted 
In others biochemical changes were determined before and after transfer to various 
photopenods Such studies permit a comparison of the influence of different 
photoperiods on chemical composition of plants, but would not nocossarily explain 
the causal mechanism of photofienodic response as in moat of these cases plioto- 
pcriods wero applied and tho chemical composition determined when the plants 
wi re already at an advanced stage of development Attempts have been made ui 
this laboratory to approach tho pioblem in a different way Photopenods necessary 
for tho acceleration of flowering have been applied in ilia seed NHfrtnPl after trans- 
plantation tho chemical composition of the plant dotermmod at frequent intervals 
with a view to ascertain the differences in the metabolites pioduced A differ ence 
in tho chemical composition of the plants from the early stages before flower lnnta- 
tion takes place is likely to give a clue to the nature of the substances formed during 
tho treatment Recent investigations have indicated that photoperiodic response 
of the growing points is not a direct result of tho light action but is due to the forma- 
tion of certain su bstances m tho leaves whic h on transmission to growing points 
participate in flowering This paper embodies the results of a preliminary work 
m the mtrogen metabolism in the leaveB of rice subjected to a photoperiod in the 
seed bed 

Material and Method 

A pure strain of winter paddy variety Bhaeamamk was used in this investigation 
After sterilisation with 0 2% formalin seeds were sown in earthenware seed beds, 
15' x 5’, on May 28, 1943 Photopenods of 10 hours for 6 weeks duration were 
applied to 7 days old seedlings with two leaves They were exposed to the natural 
day length from 7am to 5 p m and for the rest of the day and night they were 
kept inside a well-ventilated light-proof house The eontrol seedlings were grown 
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in natural day length The seedlings from the treated and eontiol seed beds were 
transplanted m field plots measuring I2'x 12' on July 18, 1943 


Analytical Methods 

The first sample for chemical analysis was taken at the end of the light period 
(i o on the day of transplantation) and ioui more samples at different ages of the 
plants were analysed 

For (he analysis of seedlings the whole plant (several taken at random from 
the seed bed) was uprooted and brought to the laboratoiy btiou Sam The root 
system was removed and the shoot nit into small bits, and divided into two halves 
Care was taken to lomove the supertn ml moisture from the samples with blotting 
paper One half was dnod at 70° to hO'V tor 24 hours and finally at 100°C for 30 
minutes, cooled in a desiccator and weighed The dried halves wcio powdered 
in a mortar, from whu h total mtiogon was estimated The othn half was thoroughly 
ground with watei in a moitar to a paste for cstunatmg soluble mtiogon-fractions 
The oxtrai t was filtered through papei and made up to 50 ml with several washings 
in distilled watei by applying suction with a fdter pump Frothing was prevented 
by a few drops ot capryl alcohol In this way 97% to 08% soluble nitrogen can be 
extracted in this volume of water In the case o( leaves they weie severed from 
tho plant at 8 in the morning and immediately brought to the laboratory and 
divided longitudinally m two equal halves, cut into small bits and tieated as above 
for estimating nitrogen content Total mtrogon was estimated by Micro Kjoldalil 
apparatus of Parnas and Wagner as described by Pregl (1930) 20-30 mg of 

powdored material weie digested by the reduced iron method of Pilcher, Ixiaven 
worth and Vickery (1930) adapted to a Micro-Kjeldahl scale The digests were 
distillwl for 10 minutes with 16 ml of 30% sodium hydroxide containing 6% 
sodium thiosulphute and the ammoma absorbed in 10 ml of N/100 hydrochloric 
acid and the residual acid titrated against N/100 sodium hydroxide using methyl 
red mdic atoi 

For estimating the total soluble nitrogen, 19 ml of the aqueous extract was 
taken m a 50 ml test tube and 1 ml of 60% tnchlor acetic acid was added to pre- 
cipitate protein, it was then stirred and filtered From this protein fiee extract 
aliquot portions aro taken and total soluble mtiogen after reduction of nitrate s with 
reduced iron was determined as above by tho Micro-Kjeldahl method 

Protein nitrogen was calculated from the difference between the total mtrogen 
and the total soluble nitrogen content Total amide mtrogen and freo ammonia 
were determined by adopting the method of Wolff (1928) The hydrolysis of 
amides was carried out m a test lube fitted with a long glass tube to sorvo as a rothix 
condenser, 2 ml of tho protein-free clear extract and 0 6 ml of 0 26 M H2SO4 
was mtroducod and heated m a low flame for 4 hours to complete hydrolysis 
Ammoma was then distilled m vacuo at 40°(J after adding 1 ml of 40% sodium 
hydi oxide 

Free ammonia was estimated by distilling 2 ml of the aqueous extract with 
a thick cream of magnesium oxide at a temperature ot 40°C Total ammo-nitrogen 
was determined by the Van Slyko micro-ammo apparatus (Loomis and Shull, 1937) 
using a reaction time of 10 mm 


Experimfntal Results 

The accumulation of dry matter expressed as percent age of f resh wt. m the 
see dlings and the su ccessive leaves are p r esent ed in Table I The results of the 
analyses of the different riitrogen frae tions of the seedlings and the different leaves 
are presented in Table II as percentage of dry weight The results presented 
(Figs 1-4) are without statistical evidence as die replicate analysis could not be 
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done Since the data reported here are obtained from a representative number of 
leaves of the same stage of maturity sampled at random frMTthe field it is worth 
considering the appreciable differences noticed between the controls and the treated 
plants The differences are much greater than what could be ascribed to methods 
of micro-analysis 



Fro 1 


The amount of dry matter in tho treated seedlings is less than the controls which 
received normal day length 

Tael* I 


Dry matter (% of Fruh weight) 



Seedling* 

7th leaf 

9th leaf 

Growing 

apex 

Flag leaf 

Control 

24 31 

81 87 

36 00 

12 76 

31 60 

10 hours for 






6 weeks 

19 68 

33 98 

31 98 

13 92 

32 60 


This docroased dry matter m the treated seedlings is possibly due to the effect 
of short photoperiod which limited the photosynthetic process of the seedlings in 
the seed bed The total dry matter in other treated samples is greater than the 
control except in the 9th leaf where a fall is noticed The increased dry weight in 
the treated plant with an increase m the tiller number (18 8 as against 14 6±1 332) 
at about the same time would indicate that the photoperiodic treatment acts as a 
stimulus to plants to greater activity After noting the fall-in the dry weight of 
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SEEDLING 7TH, LEAF 9TH LEAF GROWINGAPEX FLAQLEAE 


Fla 2 
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the 9th loaf it was found necessary to see the conditions of the prowing apex On 
splitting open the sheathing stem it was found that the tip oi the axis has just 
formed tho rudiments of inflorescence This would demand a rapid translocation 
of organic substances prepared in the loaf and would possibly explain the fall in the 
dry weight of tho 9th loaf and a corresponding rise at the growing apex at this stage 
The growing apox of the control plants was also dissectod at the same time but 
flower initials had not yet been formed 

The port entage of total nitrogen (Table II) in the seedlings of the treated and tho 
control remained more or less tho same Afttr transplantation the treated plants 
showed a highor total nitrogen than that of the control and this was noticed in all 
tho leaves analysed fn tho 7t.h and 9th leaves tho differences in the nitrogen 
content between the treated and the controls aro groatoi than that of the flag leaf 
It is interesting to note that at the 7th leaf stage the ve getative grout h of t he 
treated pl%ats_as_ indicated, by the tiller numbei is highusflSnfl to this corresponds 
tho highest per cent of total nitiogcn In the control plants also the tiller number 
reaches tho maximum value at the stage when the maximum mtrogon content is 
noticed 

In the growing apex of tho plants receiving short photoperiod the pet rentage 
of total nitrogen on dry weight basis is less than that of tho control But this 
difference is not real, as nitrogen content on fresh weight basis is almost tin same 
m both the cases Although percentage of total nitrogen is less it has a higher 
percentage of dry weight suggesting a greater accumulation of carbohydrates It 
is known from C/N relation that pnoi to flowering the tendency of a plant is to 
accumulato inoie carbon compounds than nitrogenous material On this hypo- 
thesis the growing apox where flower initials are laid down would show a com- 
paratively less nitrogen than tho control where the flower pnmordia aro not yet 
dovelopod 

Tabus II 


N analyst* (% Dry weight) 


Stage 

1 

Treatment 

Total 

N 

Total 
Sol N 

Protein 

N 

Total 

Amino 

N 

Ammo 
ma N 

Amide 

N 

Seedling on date of 
transplantation 

Control 

10 hours 
fl weeks 
% changes 

1 9744 

2 01 24 
+ 40 

1 1929 

1 8740 
+ 67 1 

0 7415 

0 1384 
-81 4 

1 

Nil 

Nil 

0 0739 

0 0866 
-51 8 

7th leaf 

Control 

10 hours 

6 weeks 
% changes 

2 1378 

2 4290 
+ 135 

0 6600 

0 6462 
-2 6 

1 6778 

1 8828 
+ 19 1 ! 


Nd 

Nd 

0 0956 

0 1820 
+ 906 

9th leaf 

Control 

10 hours 

1 0211 

0 3118 

0 7093 

0 2010 

Nil 

Trace 


6 weeks 
% changes 

l 5718 
+640 

0 3060 
" 10 

1 2668 
+ 78 4 

0 2280 
+ 134 

Nil 

0 0142 

Growing apex 9th 
leaf stage 

Control 

10 hours 

3 7682 

1 1022 

2 6660 

0 2934 

Nd | 

0 1392 

6 weeks 
% changes 

3 6326 
-62 

0 9708 
-11 9 

2 6618 
-3 9 

0 4353 
+ 48 4 

Nd 

0 1425 
+ 24 

Flag leaf 

Control 

10 hours 

1 7117 

0 2037 

1 4180 

0 0569 

Nd 

Trace 


% changes 

1 9082 
+ 11 5 

0 3714 
+26 4 

1 6368 
+ 84 

0 1460 
+ 161 2 

Nd 

Trace 
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It i8 of interest to note that in the treated seedlings a considerable amount of 
protein is hydrolysed, < onscqucntly tho protein level is low Without further data 
it is difficult to decide whether this increase in protem hjuholysis is due to increased 
demand on nitrogen substances by seedlings stimulated by the application of short 
photoperiod It is also worth considering that in skoit photopeiiods the photo- 
synthetic activity being limited the amount of sugar pioduetion would fall which 
would lead to tin hydrolysis ol protein In the leaves of tho treated plants the 
protein nitrogen on dry weight basis is alwajs higher than that of the control plants 
wlulo there is not much difference in the soluble' mtiogen content This shows 
the increased nitrogen content m tho leaves of the treated plants is metabolised 
to piotein In the growing apex highest pcicentage ot total mtrogc n and protein 
mtiogen aro noticed m both the cases and this is in accordance with the fact that 
new structures as flowers are to be formed from these regions 

Th< values foi total ammo-nitrogen of tho seedlings and the 7th leave s weie not 
obtainod as there was some breakdown in tho Van Slyke api aratus at these stages 
Table II shows that total amino nitrogen is greater in the treated plants than the 
controls There is a greater content of total amino mtiogen in. tho growmg apex 
of tho treated plant This is largely duo to an accumulation ot amino acid-mtrogen 
as is evident by calculating the difference between the total ammo figutos and the 
amide figures The value ot tho difference being II 2028% which is higher than the 
value 0 1342% in the control Free ammonia has not hewn detected in any of the 
samples analysed m tins investigation 

Discussion and Conclusion 

From the data presented hero it appears that tho pioblom is an evtremely 
interesting one Further work is required to elucidate the behaviour of different 
metabolites after photope ruxlic treatment This wotk gives a clear indication of 
changes in tho nitrogen motabolism of the neo plant subjected to photoperiodic 
treatment 

The results indicate that nitrogen metabolism of rice plants is greatly in- 
fluenced by the application of a photopeiiod of 10 hours m the seed hod and these 

nffn;+ fl ftTQ i Win nrl f h ..n ■ ph n. if Clin life hiaf ftpy r>f | plant ~ Abs olution of flltrOgOn 

ib greatly increased in these plants and the nitrogen absorbed Is motabohbed to 
protem The increase in nitrogen content occui a in coniunction with incre ased 
tillering It is interesting to note that at the growmg apex of short day plant where 
flower initials have been laid down a largo accumulation of ammo acids takes place 
Further woik is necessary to throw light on the nature of amino acids accumulated 
at this stage How far the a< cumulation of aminiT acids cs i elated to the initiation 
of flowering has yet to be investigated further Parker and Boithwick (1939) also 
noted a general increase in nitrogen fiactions of stems and leaves of Biloxi Soy- 
bean receiving short days of 8 hours On the basis of the data, for tiUcmig fFircar, 
1946), percentage of dry weight, and mtiogen content presented here and also 
from sugar analysiTperformed in this laboratory by Samantaiay (1942) it is clear 
that the application of short dav treatment of nce'SSedtings Var' Ehaaamamk 
in tho seed bed for 0 weeks duration stimulated the plants to increased vegetative 
growth and nitrogen content 

Summary 

An experiment is described in which seedlings ot rice Var Bhasamantk were given 
short days of 10 hours in the seed bed for 6 weeks and subsequently the seedlings wore transplanted 
in field plots The controls in seed beds were exposod all through to normal day length 

Analysis of nitrogen fractions of seedlings, leaves and growing apices have revealed that 
exposure of seedlings to shoH days in seed beds for 8 weeks modifies tho course of nitrogen met® 
holism of the plants throughout the lifts histoiy Absorption of nrtroven and synthesis of 
protein is markedly increased in the short day plants With the initiation of flower pnmordia 
an accumulation of amino acids takes plaoe in the growing apex 
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ON THE COMPOSITION OF STABS OF SMALL MASSES 

By N R Sen and U K Borman, Department of Applied Mathematics, 
University of Calcutta 

(Received October 28, read November 7, 1947 ) 

Abstract 

In continuation of a previous paper on the internal constitution of stars of small masses, 
it is shown how the liydrogon and helium contents of these stars may be calculated from tlio 
observed valuos of their mass, radius, and luminosity, so as to be in complete agreement with 
Betho's energy generation law and other methane al and thermodynamical requirements 
for equilibrium It is found that in quite a large number of cases hydrogen constitutes about 
one third of the stellar material while the helium content fluctuates round an average of about 
30 per cont 

I Introduction 

In a previous paper (Sen and Burman, 1945), referred to hereinafter as paper I, 
we attempted to calculate the hydrogen contents of stars of small masses on tho 
basis of stellar equdibnum under the energy generation law of Bethe and the 
assumption that tho helium content of these stars is negligible Such stars were 
assumed to bo built after the Cowling model, the guillotine factor m the opacity 
formula being taken account of by a constant average value This value was 
estimated fiom a previous numerical calculation of a model of the sun with exact 
equations and Rtidmgren's table of the guillotine factor in Kramer’s opacity formula 
One of the two points which came out of our calculations was that for a sunlike star 
tho central temperaturo should be taken close to 20 million degrees (often lower) 
and the central donsity much less than that given by the standaid model (higher 
central temperatures and densities would be inconsistent with Bethe’s energy genera- 
tion law) Secondly, for the assumptions made regarding opacity and helium 
content (zero), the above necessary effects could be achieved for a sunlike star by 
assuming hydrogen to constitute about one-third of their composition It was 
found that for stars of small masses with zero helium content any one of the three 
observed parameters namely, mass, radius, and luminosity, could be calculated on 
an assumption of the knowledge of the other two Tho calculation of the radu of 
the stars of small masses from their masses and luminosities (on the assumption of 
zero helium content) gave approximate agreements with the observed radn In 
the present paper we have dropped the assumption of zero helium c ontent, and using 
tho observed mass, radius, and luminosity of such a star have recalculated its 
hydrogen and helium contents It is found that the small discrepancies m the 
observed and calculated radii of the stars m our former calculations can be wiped 
out by the introduction of suitable amounts of helium, only m those cases, in which 
the radu calculated on the basis of zero helium content were larger than the observed 
radu Further in these cases complete adjustment is possible by the introduction 
of a suitable proportion of helium without much change in the content of hydrogen 
The numerical results of the present paper may be considered as supplementing our 
previous results for the alternative assumption of appreciable helium m the com- 
position of stars of small masses In the present state of our knowledge of the 
composition and internal constitution of stars our conclusions based on the first 
approximation Cowling model (as necessarily all speculations of this nature) have 
indeed a tentative character This point has been further elucidated in the remarks 
at the end of this work 
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Tn a loccnt paper Sr hwarzachild * (1946) has calculated the hydrogen and helium 
contents of the sun and has obtained much higher values (47 anirWper cents i ospee 
tively) than those given by our present calculations Schwarzschild has taken into 
consideration the more recent table of the guillotine factor calculated by Morse, and 
his representation of this factoi by an analytical formula has led to a formal modifica 
turn of Kramer’s opacity law which has been written with the fth jKiwer of the 
density p (instead of simple proportionality with p) thus giving smaller opacities 
Besuh s, B( the’s i neigj generation law has been taken m a form different ftom that 
used by Bet he and other writers in previous calculations, und also assumed by us 
in out picsmt i all illations The diflFeunce in the rt suits obtained in this paper 
and those by Siliwarzsthild can bo traced to theso causes 


2 Equaiions of int Vroblim 

For calculations in the present paper, some of the equations given m paper I 
have to be modified Foi completeness, however, wo lewrite all the irlevent equa- 
tions here The configurations, assumed to be built alter the Cowling model, will 
be governed by the following equations 



(i) 

i\ m 

(2) 

Pc ~ im/,1 

jeo^ 3 p] 

V 10 nac a '[' 7b 

(3) 

with 


«* = _**_ I* 

(4) 

8 npOH pc 

and in addition we have the luminosity equation 


no = Apfia, t c ) 

(5) 


obtained by intonating Bethe’s law in the following manner 
Tht luminosity is determined by 


L (r) sa 4irr* pt dr 

where 

• — t 0 ' X pT ‘e-e/ 14 , 


( 6 ) 


(7) 


«' 0 , B being numerical constants, and X, the hydrogen content of the stellar material 
Equation (5) is easily obtained from equation (6) by introducing the usual 
variables £, 9, and u defined bv 


,T = T C 6 ,p = 


* Tho calculations of the present paper were completed much earlier than when 
Schwarzschild’* paper was roceived by us 
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and using the polytropic relation a = 6*, for the convective coie, A, and T c ) 
being given by 




A ‘- i ’‘- x («~6uT T “‘ 

1 (* , T c ) = jV« e-»l 9lli e d( (b = 


(8) 

(») 


For the introduction ol helium (¥) m the composition ot tin. stillur matenal, the 
expressions loi the opauty loelhuuit k 0 and the average molcculai Height p given 
in paper I take the muddied foi ms 

k.~3»xIU^(1+JC)(1-2l-J’) * (10) 


2 _ 

p ~ i+3JL+o~5r 


(ii) 


the gudlotmc laetoi being icpiesenti d bj an avuago value l, who h is taken to have 
the same value (( = 0) as bolero 

As shewn in papei 1, the above sot ot equations can be suitably combined 
to give 


B_ 

pL - A1 [(, i\) 

where 


( 12 ) 




16 itac l 5k \ 1U s 
3 k„ \HirpGH J * 


(13) 


The loin equations (1), (2), (3) and (6) involve 7 quantities L, At, R, p c , 1\, X, and 
Y, and theoretically if any throe quantities, say, L, At and R bo known, wo can 
determine the remaining lour In paper I wo mado the arbitiary assumption 
Y = 0, and from tho observed values of L, and At ol some stars ot small masses wo 
calculated their radu and hydrogon content In the piosent paper, however, we 
calculate X, and Y from the observed values ol L, At and R of these stars For 
the application of such calculations to actual stars, we budd up senes ot coufagura- 
tions with assigned values ol r l\, X and Y, obtaining tho coirespondmg values ol L, At, 
R, and p c lor each one of theso configurations For instance, tho givi u values of 
T t , X, and Y enable one to calculate the integral T c ), p, and s 0 , Irom which 
lurthei wo can calculate A, and B, and finally p c from equation (12) Then equation 
(6) detormmes L, and equations (1) and (2) give M, and R 

We have made calculations for four < entral temperatures '1\ = 19, 20, 21 and 
22 million degrees, and for hydrogen content X = 0 15, 0 25, 0 35, 0 45 and helium 
content F = 01 , 0 2, 0 3, 04 The results ol those calculations are shown m 
Table 1 


3 Calculations of X and Y foe known Stabs 


By plotting the positions of stars of known L, At, R considered ni paper I, 
in diagrams suitably constructed from the following Table 1 , it is possible to calculate 
by following a method given by one of us (Burman, 1947), the values of X, Y, T c , 
and p c of these stars The results of these calculations ate presented in Table 2 
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4 Disco ssion of the Results and Conclusions 

Thoie art several intei estrng points that emorge from a comparison of the 
above Table 2 with Tablo 2 of paper I Firstly, in the case of the stars a Cen A, 
a V Mi A, and £ Her A, for which the values of the radn calculated on the basis of 
Y = 0, aie smaller than then observed values, the discrepancies cannot be wiped 
out, as no physically significant solutions (subject to A-f y<l) of our equations 
arc possible in these cases This is as is to be expected, as, the introduction of 
helium in the c om position of a star whose mass is not allowed to change, will have 
the eff( tt of diminishing its volume, l e , its iadius In the ease of all other stars of 
Table 2 of papti I, the disc repant ies between tho observed and the calculated valuos 
ol (he radii have been wiped out by suitable proportions of helium This has been 
possible because the calculated radius (for Y =0) is greater than the observed 
iadius m c ai h of these c uses Secondly, in all eases of agreement in oui calculations, 
except in the case ol one star, 70 Oph B, there is no substantial change m the hydrogen 
< ontent as com par ed with the i al( ulations oil tho assumption of m ghgiblo helium 
content This is effected in these cases as follows As the luminosity of the star 
is held fixod, the cential temperature to which it is highly sensitive may m a small 
adjustment change only very slightly It will then be seen from equation (1) that 
a change in the composition of the star will be subject to the condition that yM/R 
should remain nearly constant As the mass is maintained constant, a decrease 
in R calls for a decrease in p Just this can be effected by the introduction of a 
suitable amount of helium in the composition of the star without much altering its 
hydrogen content Tt might appear that a change m p would cause a large change 
m the luminosity, as h~p 7 6 How this is prevented can be soon from the mass- 
lumuiosity relation (Cluvndiasekhar, 1039) of the Cowling model, which may lie 
written in the torm 


I p” 1 pt 6 

Ko A°&~(l+A)(l-A-K) R0i> 


( 14 ) 


retaining only the ielevant factors (Tho factor M b 6 has been dropped as M remains 
constant) A slight calculation with the figures of Tablo 2 shews that the laige 
doaease in L pioduccd by the high powei (7 5) ot p (altorod by tho introduction of 
helium) is exactly balanced by tho combined diminution in the factors (1— A — 1 ) 
and R° 6 It is thus interesting to note that the Russell mixture part of the stellar 
material, lepresented by the factor (1— A— Y) plays a prominent role in tho piesent 
adjustment Geneially, in all tho cases of adjustments obtained here, except in 
the case ol the star 70 Oph B, no significant chango in A has been necessary It 
looks, as if the requisite chango m p is possible m those cases, by giving only a suitable 
value to Y, without changing A In the case of the star 70 Oph B, however, a 
significant chango in X as well as an introduction of high percentage of helium is 
necessary to ncc ure the adjustment This poc uharity is indeed duo to tho relative 
values of L, M and R of this star It will be noted from Table 2 that this star has 
a large value ol MjR (in fact tho largest) compared to other members of the table, 
while its luminosity is c omparativoly low It is probable that this feature is at the 
root of the above peculiar behaviour 

Thus the new hypothesis of appreciable helium content in stars of small masses, 
as have been considered here, does not appear to affect our previous conclusion 
that m a largo number of cases at least, hydrogen should constitute about one-third 
of their composition Our calculations also lend no support to the view that the 
helium content of these stars should *n general be about 40 per cent, though such 
abundance of helium appears to bo quite possible m some cases 

It is, however, necessaiy to be quite clear about tho nature of the conclusions 
we can derive logardmg stellar constitution from the analysis followed here and in 
jiaper I The equations provided by the current theory of stellar structure, viz , 
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those for mechanical equilibrium, conservation of mass, transfer of energy and its 
generation according to Bethe’s law, as well as the observed values of the mass, 
radius and luminosity of a star, are just sufficient for the calculation of the unknown 
parameters, viz , the hydrogen and helium contents in the material of the Htar, and 
its central temperature and density It is shewn m our pajx rs that in the caso of 
a large number of stars of smull masses, it is possible to find physically significant 
values for their hydrogen and helium contents and also the corresponding values of 
their central temperature and d< nsity, consistent with our equations and data The 
values of none of these parameters arc, however, amenable to direc t observational 
test Thore is as yet nothing in the current theory of stellar structure providmg 
for any independent internal check on the composition and other data calculated 
Till such confirmation has been found, the tlioory cannot be ngardod as entirely 
satisfactory 
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Introduction, 

Correlation betweon the ohromosom&l constitution of vegetative yeast cells 
and giant colony characteristics, if possible, would simplify not only studies on the 
stability of the various strains, but would also enable those engaged m industiy to 
check from time to time the purity of the particular strains employed by them 

Owing to lack of art easily reproducible technique for the demonstration and 
study of chromosomal behaviour in yeasts — and the resultant confusion — there 
are no previous reoords of such attempts The demonstration that a brewery 
yeast has only two chromosomes (Subramaniam, 1046) and the isolation of a tetru- 
ploid (Subramaniam, 1945) and a mutant (Subramaniam and Ranganathan, 1946) 
by treatment of actively dividing cells of the above strain with ucenaplithene has 
placed us m a bettor position Now Buch a correlation could be attempted for the 
first time 

Literature, 

Giant colonies have been used extensively for studies on segregation (Wmge 
and Laustson, 1937, 19396, Ditlevsen, 1944), hybridization (Wmgo and Laustsen, 
1938, 1939«) and mutation (Wmge, 1944, Skovsted, 1943) A variety of agencies 
are capable of inducing polyploidy in higher plants and if correlation between 
chromosome constitution and giant colony characteristics is possible — something 
like stomata measurements in higher plants — then, it may even be possible to 


* This paper was read before the Fourth International Congress for Microbiology held at 
Copenhagen in July 1947. 
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predirt the probable chromosomal constitution of new wll f ‘jtf 1 based on the above 
charac teiistics There appears to l»o some justification for th6 above hope since 
Skovsted (1943) mentions that it is ‘ ft « haracteristic of the types shown in the diagram 
that all of them produce their particular categories of mutants’ (p 448) In 
Saccharomycodes Ludtoxgxt, Winge and Lanstscn (19396) found that lobed growth 
was dominant to the smooth type (p 302) However, they mention in a previous 
paper (Winge and Laustsen, 1939a, p 350) that the moiphology of the giant colonics 
may be governed by several factois Lmdegien (1945) also suggests that soveral 
genes may be responsible for the characteristics of the giant colonies 

Material anii Methods 

Mutations wore induced in a bottom loi melding hrcweiy yeast, fic 9 (NTT (' 
3,007) by treatment with aconaphthene and low temperatures (Subramamam, 1945 , 
Subramaniam and Ranganathan, 1946, 1947) 


CONTBOL (hi 0) 


BY 2 


BY I 

L_ 


A< enuphtlionu 

(llutant) BY 3 (Tetraploid) 

Top Bottom 


I 

Low Temperature 


Bll- 5 
Top 


BY 0 
Bottom 


The chromosome constitution of strains BY - 2 and BY 3 isolated from cultures 
treated for 90 days with aeenaphlhene aro known The cytology of strains BY 5 
and BY 6 isolatod from cultures of the contiol kept at low temperatuies for 90 days 
(Subramaniam and Ranganathan, 1947) has not been investigated The strains 
BY 3 and BY 6 are bottom lorraentmg typos, while BY 2 and BY 5 are top ones 
Tho usual method of giant colony production is to cultivate the yeast m a medium 
composed of 8% wort and 10% gelatin The method of stei llisation appears to be 
to keep the medium at 100°C for 20 minutes on successive da>s Since even after 
this some of our plates got contaminated we have used in our experiments wort-agar 
Two grams of agar were added to every 100 c e of wort of S G 1 048 and pH 6 8 
and was sterilised at 10 lbs pressure for half an hour Small petri dishes of 7 ems 
diameter wero used and only a single colony was grown m each plate at room tem- 
perature (22-24 °C ) 

Observations 


Photographs 1 and 4 show the giant colonies of the two chromosome diploid 
oontrol in two different samples of wort-agar at intervals of two months While 
Photo 1 is that of the giant colony made along with those of strains BY 2 and BY 3, 
Photo 4 is that of tho same strain inoculated at the same time as strains BY 6 and 
BY 6 two months later It was thought desirable to compare the characteristics of 
the giant colonies grown on the same sample of wort-agar simultaneously and after 
an identical period of growth. The descriptions and photographs illustrate the 
appearances observed on the 12th day, as by that time the colonies assume their 
characteristic) shapes and contour The giant colony of the diploid control has a 
lobed margin and its surface is folded Faint concentric stnations near the margin 
could be seen only in Photo 4 With further growth these etriations as well as the 
indentation of the margin become accentuated The tetraploid colony (Photo 2) 
is thick with indistinct radial striations and a faintly wavy margin No accentua- 
tion of these characteristics was obseived on further growth of the colony. The 
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giant colony of the mutant (Photo 3) is thm, glistening and smooth and exhibits a 
circular furrow neai tho maigin The appearance of this furrow indicates the 
limit of growth of tho colony The only « hango in tho colony after the 12th day is 
a slight broadening ot this marginal furrow 

For comparison, the giant colonies of known and unknown chromosomal 
constitution are shown side by side Photos 5 and « show tho giant colonies of 
BY 6 and BY 5 respectively, and it would be scon how similar these are to tho giant 
colonies illustrated in Photos 2 and 3 


The ranges 

n size of tho cells oi the five strains are shown 111 

the Table 






Table 











BY 1 







1 mgtli in ,, 

r > 9 1 

0 (.0 

0 00 

0 00 

0 0o 

0 00 

7 20 

7 02 

" 02 

7 92 

\\ ulth in n 

i oh 

5 2S 

0 28 

5 04 

5 94 

0 00 

5 94 

0 00 

K 00 

0 00 





BY » 







Length in n 

5 28 

5 04 

<1 00 

0 00 

0 00 

0 00 

7 92 

7 02 

7 02 

7 92 

Width in )t 

15 23 

6 2S 

(I 00 

0 00 

(1 00 

0 00 

0 00 

7 20 

7 20 

7 92 





BY 0 







Length in ft 

5 23 

0 l>l) 

7 20 

7 92 

7 92 

7 02 

7 92 

9 21 



Width in )i 

102 

f> 00 

0 60 

0 00 

7 20 

7 92 

7 92 

7 92 







BY 2 







Length in n 

1 10 

i 30 

3 90 

5 28 

6 00 

7 20 

7 92 

111 *50 

13 2 

1 l 2 

Width 111 /i 

t OS 

2 61 

2 04 

2 01 

2 04 

2 01 

1 93 

201 

2 94 

2 (14 





BY C 







Length in n 

2 04 

3 30 

1 62 

6 00 

7 92 

9 24 

11 28 

13 20 

14 52 

15 84 

Wulth 111 n 

1 98 

2 04 

3 96 

2 04 

2 04 

2 04 

2 04 

2 64 

2 04 

2 64 


Cells from tho control, totraploid and mutant are illustrated in Figs 1, 2 and 3 
respectively , while tho cells of the strauis BY 6 and BY 5 aro shown in Figs 4 and 
5 The cells of BY 6 (Fig 4) are bigger than that of the tetraploid (BY 3, Fig 2), 
while m BY 5 the percentage of long cells aro fewer than m BY 2 (Fig 3) It appears 
that both acenaphtheno and low temporatures produce also changes other than the 
duplication of chromosomes Cold shook has been known to produce gene mutations 
(Kerkis, 1939), and Dermen (1940) mentions that polyploidy may or may not have 
any effect on the sizes of the cells 

Only a cytological investigation would show whether the chromosome < onstitu 
tion of BY 5 and BY 0 are identical with that of BY 2 and BY 3 


Discussion 

Our extended observations indicate that under constant conditions the slight 
individual variations which occur m giant colonies could be ignored if emphasis is 
restricted to tho major characteristics The characters of the giant colonies appear 
to be conti oiled by a variety of factors The sample of gelatine or agar, and malt 
used in making the medium (Skovsted, 1943), the S G and pH of the wort and even 
the quantity inoculated (Winge and Laustsen, 1939a) all seem to affect tho appearance 
of certain minor characteristics Naturally, comparisons should be confined to 
colonies grown for the same length of tune Haploid colonies differ from diploid 
ones and polyploid once from both Winge and Laustsen (1937) had observod 
changes in the appearance of the colony not only as a result of ohanges m environ- 
mental conditions but also at different periods of growth in some cases Winge 
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(1944), however, emphasises ‘that under the same conditions the characteristic 
appearance ot the giant colonies of each typo remain constant’ and presents only 
photographs of single colonies Prom observations on ‘several hundred different 
clones of rough colomed yeasts’ Lindegren (1945) arrives at the conclusion that no 
duplicates occur even though each strain gave rise to colonics having distinctive 
characteristics and capablo of identification on transplantation 

A perusal of the photographs would leave no doubt that changes in 
chromosome constitution do produce changes in the characteristics of the giant 
colonies It is possible to identify particular strains by their characteristic giant 
colonies The resemblance thus is not confined to their top or bottom fermenting 
character alone The similarity between colonies of known and unknown chromo- 
somal constitution is striking and hence should be of considerable significance 
since the same chromosomal mutation could be induced by diverse agencies 
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Summary 

1 An attempt was made to correlate the chromosomal constitution of parti- 
cular strains with the characteristics of their giant colonies 

2 Changes m chromosomal constitution do produce changes m giant colony 
characteristics 

3 The similarity between the i domes of strains of known and unknown 
chromosomal constitution is striking and heme should bo of considerable significance 
since the same chromosomal mutation inuld be induced by diverse agencios 
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Description of Illustrations 

Photographs are of colonics taken on tho twelfth day after inooulat ion The photos wore 
taken at different magnifications and hence measurements of tho longost diatm tor of* ho colonies 
alono nro given 

Photo I Control — Diploid Diameter 2 4 urn 

Photo 2 Tetraploid- BY 3 Diameter 2 1 oms 
Photo 3 Mutant — BY 2 Diameter 2 2 cm* 

Photo 4 Control — Duplicate Diameter 2 3 oms 
Photo 5 BY 6 Diameter I 9 eras 
Photo 6 BY 5 Diameter 1 7 ems 


Fig 1 Control 

Fio 2 Tetraploid— BY 

Fig 3 Mutant— BY 2 

Fio 4 BY 6 

Flo 6. BY 5 


Colls from Giant Colonies 
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Introduction 

In 1901, tho completion of tho Vortobrata m the Fauna of British India afforded 
an opportunity to Blanford to review and discuss tho distribution of vertebrate 
animals throughout Coylon, India and Burma His object was ‘to determine tho 
divisions into which the Indian Empire can be classed by our present knowledge 
of the Vertebrata, and especially to ascertain the zoological relations between tho 
Indian Peninsula and the neighbouring countries’ To achiove tlus object, ho 
reviewed the distribution of genera, for ‘families and sub families alone being too 
few in number and ranging m goneial over wider tracts than genera do, so that it is 
diftn ult to determine subregional divisions by means of them, whilst speues are too 
numerous and too unequal m importance ’ For som< yen is I have been interested 
m tho distribution of froshwater fishes throughout south-eastern Asia and in the 
revision of genera characteristic of mountainous regions My views and con- 
clusions based on these studies are given in the article ‘On the Malay mi Affinities 
of the Freshwater Fish Fauna of Peninsular India, and its bearing on the probable 
age of the Garo-Rajmahal Gap’ (Hora, 1944) In the discussion that followed the 
reading of this paper, the views of some of the leading Indian geologists on the 
Garo-Rajmahal Gap are given and there is considerable wealth in their observations 
regarding some palaeogeographical features of India In the course of these studies 
it has become abundantly dear to me that the distribution of some of the genera, 
as given by Blanford, has proved to be erroneous due to incorrect determinations 
and that this fact has greatly vitiated the value of his work, monumental and 
outstanding as it is and will always remain, for our preBent-day studies The 
revision of the Fauna volumes on certain groups of Vertebrata, therefore, affords 
another oppoitumty to review tho distribution of Indian fauna and to elucidate the 
zoological relations of the various subregions of India and their n lutionslups with 
the neighbouring countries The present article is written with this object in view 
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As the revised editions of the Fauna volumes dealing with Batrachia and Fishes 
havo not yet been published, a complete revision of BlanfOTf^article is not possible 
at the present time, but sufficient information is available regarding the distribution 
of Mammals, Birds, Reptiles, and oertain families of fishes to warrant the publication 
of somo articles It will at least serve to obtain the views of other zoologists 
interested in similar studies 

Besides correct and reliable determination of animals, it is equally essential for 
zoogeographieal studies that the ecological factors influent ing the lives of diffcn nt 
gioups of animals should also be known, for knowledge of an animal without some 
knowledge of its environment is very imperfect indeed In studying the zoo- 
geography of the mountainous fishes, I had a great advantage m knowing something 
about the ecology, bionomics and evolution of the torrential fauna (Hora, 19.10) 
The revised edition of the Vertebrata in the Fauna are in this respect a great 
improvement on the earlier volumes, for they contain not only the systematic 
descriptions of the species but also notes on their habits and habitats 

Though families and sub-families arc generally unsuitable for zoogeographieal 
studies, the same may be said of genera to a lesser extent, for species, however 
unequal in value, are our units of study Whotlier we catalogue them or nQt, it is 
necessary to keep them m mind always For the first article of the scries, I have, 
therefore, selected the groups of Crocodiles and Chelomans as the number of species 
to be dealt with is not large Besides, the volumes on Reptiles covci a much larger 
geographical aroa, as they include the whole of the Indo-Chinese Peninsula In 
support of this departure from the usual practice, Smith (1931, p 13) states that 
‘The fauna of Siam, French Indo-Clnna and southern China is so closely allied to 
that of Burma that it would bo scientifically incorrect to separate them from one 
another ’ Tins is true of other groups of animals also Not only is the fauna of 
Burma closely allied to that of Siam, Fiench Indo-Clnna and southern ('lima but 
the same can be said with regard to the fauna of tho Eastern Himalayas and the 
Malabar Tract of the Western Ghats 

For the present senes of articles on Reptiles, I havo retamed the two subregions 
proposed by Smith and the twelve zoogeographieal areas into which he has divided 
them The distnbution of various species as tabulated below has been checked by 
Dr Malcolm A Smith I am grateful to lum for this 

The geographical limits of the twelve areas, as recognized by Smith, are given 
below for eonvemence of reference 


ZOOGEOGRAFBICAI. AREAS 

The Onental Region is divided into three Subregions, the Indian, the Indo- 
Chinese and the Malaysian The Indian Subregion includes the peninsula of India 
as far oast as Bengal at about longitude 90° and south of the Himalaya Mountains 
It has been divided into seven geographical areas as follows — 

1 The Desert Area of North-West India — This includes Baluchistan, the 
North-West Frontier Province, the Punjab, Western Rajputana as far as the Aravalh 
Range and Sind 

2 Kashmir and the Western Himalayas up to Nepal — Most of the country is 
mountainous and highly elevated 

3. The OangetK Plain — The great Gangetic Plain of Northern India extends 
from the Valley of the Indus in Sind to the right bank of the Brahmaputra in 
Bengal 

4 Central India — This includes the area between tho Gangetic Plain, the 
Deocan, the Aravalh range and Chota Nagpur 

5 The Deccan — This includes the central tableland of tho Deccan between 
12° and 21° north latitude A part of the Western Ghats is included m this area. 
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6 The Mountains of the Malabar Tract and Ceylon The hills of the Peninsula 
south of lat 12°N together with the mountains of Ceylon constitute a distinct 
faunal region 



7 The Chota Nagpur Area — This includes Bihar south of the Gangetio Plain, 
the northern part of Onssa, and the eastern part of the Central Provinces 

Comparing the above zoogeographical divisions with those proposed bv Blanford, 
it will be seen that there is considerable geneial agreement between the two systems 
as is shown below - — 


Smith’s Classification 
The Desert Area of N W India 

Kashmir and the Western Himalayas 
The Gangetic Plain 


Central India 
The Deccan 

The Mountains of the Malabar Trm t and 
The Chota Nagpur Area. 


Blanford's Classification 
Punjab Trnot, excluding the plain of the 

Western Himalayan Tract 
North Western Provinces (now designated 
os the United Province and Bihar) Tract 
including tho plain of tho Indus plus 
Bengal Tract 

Rujputana or Central Indian Tract 

Carnatic or Madras Tract 

Malabar Coast Tract ana Ceylon Tract. 

Bihar Orissa Tract. 
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Judging from the distribution of freshwater fishes, Smith’s classification would 
seem to bo a better arrangement of the zoogeographicalMGBu into which India west 
of the Brahmaputra in Bengal can be divided 

Smith has divided his Indo Chinese Subregion into 5 areas, namely, — 

1 The Eastern Himalayas — which corresponds with the Assam Tract of 

Blanford , and extends fi om the western frontier of N epal to the tei mma- 
tion of the range at the bend of the Brahmaputra 

2 The Trans Himalayan Mountainous Area 1 — corresponds to the Upper 

Burma Tract of Blanford and includes the lulls of Assam east of the 
Brahmaputra, the whole of Burma, except the lowlands in the south, 
southern Yunnan, the northern part of French Indo-C'hina and the 
northern part of Siam 

3 Annam 

4 The Oreat Plain of Indo-China — This area includes the lowlands of Burma 

south of Promo and Toungoo anil at the mouth of the Salween, the 
groat plains of Siam, Cambodia, and Coclun China This corresponds 
to the Pegu Tract of Blanford 

5 Tenassenm and Peninsular Siam — This area corresponds to the 

Tenassenm and South Tenasflerim Tracts of Blanford and includes the 
mountain chain which extends down the peninsula 


Ecological Factors influencing Animal Life in Various 
ZOOGEOGBAP niOAL AREAS 

In a recent article, of which I have seen a summary in English, Nikolsky (1947) 
has discussed biological peculiarities of fauiustic complexes and the value of their 
analysis for zoogcographu al studies He has rightly pointed out that ‘A zoo* 
geographical division into definite regions is a stage which belongs chiefly to the 
past, being now nearly completed with legard to large areas’ In his opinion, with 
which I agree, ‘The criterion on the ground of which a certain species is referable 
to ono or another fauiustic complex bosides the character of a distribution area 
is its ecological specificity, % e its relation to both abiotic and biotic media which 
are closely connected with each othei , being both a sequence of the adaptation to 
hfe m a definite geographical zone’ From the above, it will follow as a natural 
sequence that ‘In populating a new basin the members of a fauiustic complex occupy 
its part the conditions of which approach most the zone whore the formation of the 
complex has proceeded’ It will, therefore, bo clear that in elucidating the history 
of the origin of the fauna, its ways of distribution, its interrelations with other 
zoogcographical areas, etc , etc , it is absolutely necessary to bear 'in mind the 
biological peculiarities of the fauna and the principal factors m its environment. 
Evolution is the result of tho notion and reaction of these important conditions 
which govern tho lifo of an ammal and determine its survival, modification 
or annihilation under changed ( onditions of environment, if any 

Before discussing the distribution of Crocodiles and Chelonians, it will be 
advantageous, therefore, to bear m mind the mam ecological conditions which 
affect tho fauna in the twelve zoogeographical areas enumerated above 

The Desert Area of North-West India is desert or semi-desert, except near tho 
rivers Tho rainfall averages from ml m etrtain portions to 20 niches in tho year 
m others Tho interior of Baluc histan is from 3,000 to 0,000 feet above sea level 


1 It may be pointed out that among geographers the term Trans Himalaya has a definite 
meaning and generally signifies tho high plateau of Central Asia to the north of tho 
Himalayas 
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The fauna exhibits Romo interesting adaptive mollifications to withstand extreme 
heat and drought 

In the Kashmir and the Western Himalayan Areas, the country is mountainous 
and highly elevated The Gangrtic Plain is divisible into a western, more or less 
and or semi-arid area and an oastc in area with a futile, alluvial soil wliith is cleared, 
cultivated and thickly populated foi the most part The rainfall is 20 to 30 inches 
in the western portion and 50 to 100 inches in the. eastern region 

The Central Indui is an undulating and lully tract cleared and cultivated in 
parts and covered with brushwood or tlun fore st of small trees The average rainfall 
is about 35 inches The Dercan Area is similar to the Central India but the rainfall 
along the western coast is lieavj — from 100 to 200 inches annually The Eastern 
Ghats have not the samo unit} of Btrueturo as the Western Ghats and represent a 
discontinuous lino of mountain country The mountains of the Malabar Tract and 
Ceylon rise to a considerable height and most of the area is well foiested The 
rainfall is heavy, between 00 and 1 50 inches, and owing to its approximation to the 
equator, seasonal changes are not so muiked The Chota Nagpur Area is hilly and, 
with a few exceptions, is heavily foicstid The average rainfall is between 50 to 
70 inches m the year The highest peak m the Chota Nagpur area is the Parasnath 
Hills, 4,800 feet above sea level 

The Eastern Himalayas are sub tropical ami hcavdy forested The average 
rainfall is 50 to 150 inches The Trans Himalayan Mountainous Area is of hills 
and dense forests closely resembling the Eastern Himalayas The rainfall is heavy, 
generally exceeding 100 inches annually over a considerable part of the area The 
Termssenm and the Peninsular Siam Area is also mountainous and heavily forested, 
with the yearly average rainfall being 150 to 200 inches Annam is entirely 
mountainous and the conditions are similar to those of Burma The Oieat Plain of 
Indo-Chtna is foi tho most part flat, alluvial and more or less cultivated and 
populated , The annual rainfall m the Pegu area is from 100 to 125 inches, in 
Bangkok it is 55, in Cochin China 50 to 00 inches 

In tho case of aquatic forms, continuity of water courses is essential at some 
period of tho earth’s history for tlioir dispeisal and for the dispersal of land animals, 
temperature, humidity and vigetation are the chief governing factors Continuity 
of land-masses is also an essential tactoi in the distribution of torrential forms 
Crocodiles and Chelomans could inly bo distributed over wide areas through natural 
agencies For the survival of a species m a new geograplucal area after its dis- 
persal, it is important that similar ecological conditions m its new habitat must 
persist, otherwise it will have to undergo some sort of modifications to adapt itself to 
new conditions Such modifications will, of course, depend on tho intensity of 
variation within the species itself under the new environments ' conditions and the 
resulting animal wdl either become a geograplucal race, form, subspecu s or a new 
speoies Even new genera and families may lesult from long isolation or some kind 
of habitudmal segregation 

Ecologically speaking, it will thus be soen that, with the exception of the Plain 
of Indo China, the remaitung four areas of the Indo-Chinese Subregion arc very 
closely allied to the Malabar Tract and Ceylon and also resemble tho Western Ghats 
and the Chota Nagpur plateau It is no wonder, therefore, that in the migration of 
the fauna and the development of the present-day features of India s physical 
geography, pockets are formed where similar or identical ajiecies could continue to 
live undisturbed under environmental conditions more or less similar to those under 
whioh they had onco lived over a much wider urea We shall refer to these points 
again when dealing with certain uspccts of the palaeogeography of India, but now 
we may consider the distribution of the Crocodiles and Chelotuan iisttd by Smith 
from the Indian and the Indo Chinese Subregions 
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SUNDER DAL HORA DISTRIBUTION OF CHELONIANS 


Of the 61 species of Crocodiles and Cholonians lis tM — b ove, one apeaea of 
Crocodile, Crocodtlus poroaua, is estuarine and rarely enters nvors above tidal limits, 
and four species of turtles, Dermochelya conacea, Eretmocfielya tmbncato, Cheloma 
mydas and Caretta carelta olivacea, are marine These five species are not of any 
zoogeograplucal significance 

Of the remaining 5(J species, 8 are common to the Indian and Indo-Chinese 
Subregions, 14 are confined to the Indian Subregion and 34 to the Indo-Chinese 
Subregion I shall elucidate the significance of each of these groups separately 


Distribution of the Species Common to the Indian and 
Indo-Chinese Subregions 

Of the eight species common to the Indian and Indo-Chinese Subregions, the 
Ghanal (Oavtalu gangetxcus) represents one of the most primitive of the living reptiles 
and is the sole survivor of a large number of species that once lived in South-eastern 
Asia Fossil forms of Gavtalis have been described from the Pliocene deposits of 
the Siwahk Hills and the Narbada Valley and they are known to have attained a 
length of 50 to (10 feet The great antiquity of the crocodiles, as is well known to 
all students of Zoology, is reflected m their discontinuous distribution in the tropical 
Australian region, South-eastern Asia, Africa and tropical and subtropical America 
Thus they indicate the existence of the Gondwanaland which comprised the lands 
enumerated above and persisted as a large southern continent till the end of the 
Cretaceous or tlio beginning of the Tertiary period The point of interest is that 
0 gangeticus, a survival of the Indobrahm, has persisted throughout the ages of the 
later Himalayan earth movements without undergoing any appreciable change in 
structure This is no doubt duo to the fact that it lives in sluggish rivers and the 
ecological condition under which it lives have also persisted as such throughout all 
these ages 

One species of freshwater Tortoise (Terrapins), Qeocmyda tnjuga, and one 
species of freshwater Turtle (Mud Turtle), Ltaaemya punctata, are of special 
interest from a zoogeographical point of view aB both are found in Burma on the 
one hand and over a greater part of India on the other Both have budded out 
geographical races m different parts of their distribution (Text-fig 2), no doubt 
under the varying ecological conditions of their respective habitats 

In the case of O tnjuga, a chiefly aquatic and vegetarian species, five fairly 
well defined races are recognizable, dependent chiefly upon the colouration of the 
head and to a less extent that of the shell Variation in colouration is certainly 
associated with environmental factors and many similar cases are known from 
among fishes as well The typical form of the species is known from the Bombay 
and Madras Presidencies and the State of Mysore , the race edeniana from Burma , 
tho race tndopemnsulana from Chota Nagpur and North Bengal, the race coronata 
from Travancoro and Cochin and the race thermalts from Ramnad District, Ceylon 
and the Maidive Islands 1 The distribution, though extensive, is discontinuous for 
the Chota Nagpur and North Bengal race is separated from the Bombay race m the 
west and the Burma race in the east by considerable distances Geographical 
isolation and habitudinal segregation may have led to the origin of the present races 
but there seems hardly any doubt that once 0 tnjuga was uniformly distributed in 
the intervening portions of its range 

The typical form of the Mud Turtle Ltssemys punctata is found m the Indus 
and the Ganges aqd their tributaries , the race granom is found in the Indian Peninsula 


i Lt.-Ool KBS Sewell has raised a point regarding the occurrence of this species In 
the Maidive Islands Either it is introduced there by human agency or it must have migrated 
there before the Laccadives and Maldives were separated from India Personally I favour the 
latter pos s i bi lity and feel that such separation occurred not in a very remote geological period. 
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south of the Ganges while its race scuiaia is found in the Irrawaddy and the Salween 
Rivers Its absence from Assam makes its distribution discontinuous but its 
occurrence m the Indus and the Ganges takes us back to the time of the Indobrahm 
or the Siwalik River Though more widely distributed than the Ghanal, Oavtahs 
gangelxcus, it seems to be contemporaneous with it during the Siwalik period 



The Terrapin, Balagur baslca, and the Mud Turtle, Chxtra xndtea, ar< essentially 
Indo Chinese forms but their range extends into India for a short distance The 
former, a herbivorous and entirely aquatic species, is found m Bengal and then 
its range extends from Burma to Cochin-China and the Malay Peninsula It is also 
found in Sumatra The animal is of exceedingly shy disposition and inhabits 
estuaries, deep slow flowing rivers and canals It is likely, therefore, that its dis- 
tribution to B*igal may have been affected vxa the Bay of Bengal during th 3 monsoons 
when the salinity near the head of the Bay falls very low 

Chxtra xndxca, on the other hand, feeds upon fish, molluscs and other animal 
food, and is a very pugnaceous animal It is found in Northern India, Siam and 
the Malay Peninsula It has been recorded from the Irrawaddy also, though this 
needs confirmation From its distribution, it appears to be a species of the Indo- 
brahm 

The Land Tortoise, Testudo elongata, is found m Chota Nagpur on the one hand 
and in north-eastern India to Tonkin and the Malay Peninsula on the other 
Dr Annandele had recognised the Chota Nagpur form as a separate species, which he 
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called T paraUdus and remarked on its close resembls^afato T elongatus, an Indo- 
Chinese species 

The Terrapin, Qeomyda trxcarxnata, is found in the Chaibasa District of Chota 
Nagpur on the one hand and Northern Bengal (Jalpaiguri District) and Assam 
(Dallas HUls and Bisnath Plain) on the other This herbivorous, aquatic species 
must have once occurred over the intervening areas in the Vindhya and Satpura 
trend of mountains 

The Terrapin, Kachuga dhongoka, at present occurs m North-east India and 
in the Ganges as far west as Allahabad and north to Nepal but its fossils are known 
from the Siwalik Hills It is, therefore, a species dating back to the Indobiahm 
when its range must have been more extensive 


Distribution of the Species of the Indian Subregion 

Of the 14 species of Crocodiles and Chelomans, 3 have a very restricted dis- 
tribution The Terrapui, Qeoemyda sxlvatxca, is known only from the forests of the 
Cochin State and inhabits short burrows underground and does not show any 
partiality for water It can live entirely upon vegetable food Tl\c Land Tortoise, 
Testudo travanconca, is known from the hills of Travancore, Cochin and Coorg 
Tins species appears to have been derived from T elcmgata, the range of which 
extends from North-east India to Tonkin and the Malay Peninsula as far south as 
Penang The endemicity of a largo number of species in the Malabar Tract of 
India and Ceylon and their close ufiimty with Malayan formB aro well known facts 
and indicate their long isolation from the parent stock leading to the evolution of 
new species 

The Terrapin Morenxa peters t, is restricted to Eastern Bengal (Jessore, Dacca, 
Fatehgarh) but little is known about its habits or habitat The Terrapin, Kachuga 
kachuga, is also definitely known from the Gangetic River System 

Another species of somewhat restricted distribution is the Mud Turtle, Trxonyx 
hurum, definitely known so far from the lower reaches of the Ganges and the 
Brahmaputra The Mud Turtle, HardeUa thurgx, is found m the Gangetic and 
Brahmaputra River Systems 

The species that are found in the Indus and the Ganges River Systems are of 
special interest in so far as they support the view that before the Indus and the 
Ganges were evolved as present-day rivers, they formed the Indobrahm or the 
Siwalik River of the Pleistocene period (Pascoe 1919 , Pilgrim 1919) The Terrapin, 
Oeoclemys hamxltonx, which is represented by fossils in the Siwalik Hills, is at the 
present day found in Northern India from Sind to Bengal It is carnivorous in its 
habits Another Terrapin, Kachuga smxthx, is found in the tributaries of the Indus 
and the Ganges though it is more common in the former river The Terrapin, 
Kachuga tectum, is represented m India by two geographical races , its typical form 
is found in the Indus, Ganges and the Brahmaputra River Systems while the race 
tentorxs is found in the Mahanadi and the Godavari rivers Here again we find species 
m formation through isolation or some form of habitudmal segregation The Mud 
Turtle, Trxonyx gangetxcus, is also found in the Indus, Ganges and^the Mahanadi 
River Systems It is interesting to note that Annandale had recognised the 
Mahanadi form as a separate race, mahanaddxcxu, though Smith did not agree with 
Annandale At any rate, there are some differences m colouration from the typical 
form and m the Mahanadi, therefore, we have an incipient new species of some 
future age 

Another Mud Turtle which has spread southwards from the Ganges to the 
rivers of the Peninsula is Trxonyx lexihx at present known from the Ganges and the 
nvers of the Peninsula as far south as Madras This species is closely allied to 
T gangetxcus and is oo-extensive with it for a oertarn part of its range (Ganges and 
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Mahanadi River Systems) Here we have perhaps an instance of the budding of a 
new species from the older one of the Indobrahm 

We have so far dealt with the forms associated in one way or the other with the 
Ganges System, but two species definitely exhibit Western Asiatic affinities The 
Starred Tortoise, Testudo elegans, is distributed throughout Central and Southern 
India, extending west as far as Sind and south to Ceylon Though a forest dweller, 
it is found in dry areas of the low country The genus Testudo is cosmopolitan in 
its distribution, except Australia and Papuasia, and it is likely that T degans is a 
migrant or descendant of forms living north-west of Sind Another Land Tortoise, 
l'estudo hor8jieldx, shows definitely that it is a migrant into India from the Aral and 
Caspian Seas Regions It is only found in the north-western corner of India and 
has not spread further south 

The most widely distributed species of the Indian Region is the Crocodile, 
Crocodtlus palustrxs It is found in the whole of the Indian Peninsula and Ceylon, 
extending as far west as the Dasht River near the Persian Frontier, in Baluchistan, 
north to Nepal and oast as far as the Darrang District on the Brahmaputra in 
Assam 

General Remarks concerning the Indian Subregion 

Before taking up the analysis of the species only known from the Indo-Chinese 
Subregion, we may briefly summarise the trends of distribution of the forms known 
from the Indian Subregion The main points are — 

1 Certain speuos are still in the process of evolution and as a result of 

geographic al isolation have developed certain racial features charac- 
teristic of well defined geographical areas There are various gradations 
in the process of species formation 

2 Through long isolation or some form of habitudinal segregation, endemic 

species have established themselves in certain characteristic geo- 
graphic al areas 

3 There is definite evidence of the ‘Malayan’ element m the fauna of India, 

particularly of Peninsular India 

4 There is definite evidence of a once continuous Indus, Ganges and 

Brahmaputra nver 

5 There is definite evidence of a connection of the Ganges System with 

the River Systems of the Mahanadi and Godavan 

0 There is evidence that certain desert-loving forms migrated into India 
from the north-west and spread over the Peninsula and Ceylon 

7 There is some evidence that Chota Nagpur plateau formed a link in the 
route of migration of ‘Malayan’ forms to Pemnsular India 

An attempt will be made later to elucidate all these points by referring to the 
evolution of tho present day physical features of India 

Distribution of the Species of Indo-Chinese Subregion 

Of the 34 species recorded from this subregion, as many as 9 (Nos. 14 , 15, 
20, 29, 31, 41, 44, 55 and 58 of the list) are endemic in the Trans-Himalayan 
Mountainous Area, one is endemic m A mmm (No 12 of the list) and one in the 
Eastern Himalayas (No 38 of the list) Eight species (Nos 3, 13, 18, 24 , 26, 26, 28, 
33 and 59) are common to the Great Plains of Tndo-China, Tenassenm and Peninsular 
Siam Four species (Nos 9, 23, 51 and 53) are found in the Trans-Himalayan 
Mountainous Area, the Great Plains of Indo-China, Tenassenm and Pemnsular Siam 
Four species (Nos 16, 90, 32 and 61) are common to the Trans-Himalayan 
Mountainous Area and Annam One species (No. II) u found all over the Indo- 
Chinese Subregion , one (No 10) is found In the Eastern Himalayan Area, Trans- 
Himalayan Mountainous Area and the Great Plains of Indo- China, one species 



DISTRIBUTION or LAND* SEA IN INDIA 



Text no 3 Maps of India showing the distribution of land and sea during the Eocene, 
Miocene and Pliocene periods 

The figures reproduced here are parts of maps photographed from some work of 
- which the reference Is lost. 
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(No 33) is found tn Trans-Himalayan Area and Tenasserun, one species (No 
17) is fpund in the Trans-Himalayan Mountainous Area, Annam, Peninsular Siam 
and Teimssenm , one species (No 48) to the above three regions as in No 17 and 
also the Great Plains of Indo-Cluna , one species (No 60) is found in tho Trans- 
Himalayan Mountainous Area, Annam, and Great Plains of Indo-Cluna and one 
species (No 47) to all the areas except Annam It will be noticed that the largest 
number of species is found m tho Trans-Himalayan Mountainous Area and 
particularly in Southern China 

Probable Centre or Origin of the Fauna 

From the distributional records noted above, it would seem probable that 
Southern China formed the original home of these animals whence they radiated 
towards the south-west into Burma and India, into Burma, Siam and the Malay 
Peninsula and Archipelago and south-east to Indo China and Annam The directions 
of the mountain ranges and the rivers in tho Indo Chinese Subregion support this 
view and I shall show later that geological evidence also favours such a hypothesis 



Evolution of the Geography of South-eastern Asia 

During the Gondwana period, when Australia, South-eastern Asia, East Africa 
and South America were parts of a single continent, Gondwanaland, the earth under- 
went a slow gentle buckling of the earth’s crust which produced a senes of extensive 
east-and-west valleys During such a period crocodiles must have extended all 
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over Gondwanaland and this would explain their present-day discontinuous 
distribution 

At the end of the Gondwana period, m late Cretaceous or early Tertiary, there 
was an intense folding of the crust accompanied by the upheaval of the Alpine- 
Himalayan System, which dismembered the Gondwana Continent and gave the 
Indian Peninsula more or less its present outline and caused the eruption of lava 
which formed the Deccan Trap The Himalayan upheaval, in its initial stage, 
probably confirmed some of the Gondwanaland valleys, but later the movements 
became more violent on lines tending north and south and disorganised the older 
drainage system, for with the upraised Central Asia as a vast block with long slopes 
towards the cast and south the genet al drainage from Tibet was fundamentally 
altered The west-to east courses of the Upper Brahmaputra, the Hwang Ho, 
the Yangtze Kiang and the Si Kiang are probably the modern survivals of the 
ancient east to west rivers, but later arose the north-to-south rivers, such as the 
Dihang, the Irrawaddy, the Salween and the Mekong The latest east-to west big 
river was the Indobrahm or the Siwalik River along the southern base of the 



Text no 6 The Indobrahm or the Great Prehistoric River of Northern India After Dr DU 
Wadia (Proc Nat hut Set Ind 4, 389, 1938 ) 

The Indobrahm was the successor of the Nummuhtio Gulf which stretohod from the 
head of the Hind Gulf to the Punjab and thence along the foot of the embryonic Himalayan 
chain through Simla and Nauu Tal to Assam It earned the combined discharge of the 
Brahmaputra, the Ganges and the Indus rivers and seems to have existed all through the 
late Tertiary and early Pleistocene times 

Himalayas m the Pleistocene penod Wo have ample evidence of the existence 
of such a river in the distribution of tho crocodiles and chelomans referred to 
above It must be noted that there was no present-day lower Ganges at that 
period and, therefore, probably there was no gap between the Garo Hills m the 
east and the Rajmah&l Hills in the west 

The Himalayan uplift was in several major and minor stages and from the violent 
earthquakes witnessed in this region, it is evident that they are still very unstable 
and are still rising. Usually throe major stages are recognised During the first 
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stage the oentral axis of the Himalayas was upheaved The second stage about 
Mid-Miocene upheaved the central part of the range and the third phase came at 
the end of the Tertiary period when the sub Himalayan zone was added to it The 
last phase is still continuing and was responsible for the uplift of the Siwalik Hills 
and the disturbance of the Karewas in Kashmir 

The orogenic movements from the north that produced the Himalayas, met 
with strong resistance from the very old block of the Indian Peninsula, the middle 
portion of wluch, howevor, sagged and m course of time gave rise to the alluvial 
plain ot the Ganges and a concave outline to the (entral part of the Himalayas 
The effect of the subsidence of the not them part of the Peninsula also affected the 
Vindhyas and the Sutpuras which were at one time much loftier mountains and 
formed continuous ranges exte nding between the Assam Himalayas on the one hand 
and the Gujarat Western Ghats on the other The Himalayan movements met 
resistance m the east by thi horn of the Peninsula presented by the hills of Assam 
and m the west by the lulls round about Kohat At both these jvnntg the Himalayas 
were bent round and took a more or less north to south direction The direction 
and intensity of these movements determined the evolution of the zoogeographical 
features of India and in consequence the migration or dispersal of the animal life 
Simultaneously with the rise of the Himalayas, lava flowed out from fissures in 
several parts of the Indian Peninsula and gave rise to the Deccan Traps ( vide supra, 
text-fig 4) Like the Himalayan movements and probably contemporaneous with 
them, the outbursts of lava also occurred at varying intervals and during the quiescent 
period animals from neighbouring areas migrated to these lava rocks and some 
lemauiH of them became entombed m the infra- and mter-trappoan bedB The last 
lava oufhurst may lie contemporaneous with the formation of the Siwalik hills 
in the Pleistou no period or may be even younger than that as is evident from the 
distribution of the present day forms The lava flows completely annihilated the 
then existing fauna and recolonisation occurred during the dormant periods 

In the TranR- Himalayan Area, particularly in Yunnan, there were corresponding 
earth movements To explain the origin of deep canyons of the rivers of Yunnan 
and Western China, it is believed by some that there was a regional uplift of some 
6,000 to 10,000 feet in very recent geological times Gregory and Gregory (1823) 
have, however, found no evidence of any post-Phocene high regional uplift of this 
area According to them, the physiogiaphy of central and south-western China 
could be explained by the subsidence of the surrounding country, whiclT produced 
long slopes downward to the east and the south The geographical distribution of 
animals supports the latter view 

One more palaeogeographical fact must also bo borne m mind m connection 
with the origin and evolution of the Indian fauna In his study of the evolution 
of the river system of south-eastern Asia, Gregory (1926) found that m tho Trans- 
Himalayan Area the rivers on the west generally beheaded the rivers on the east 
and thus diverted their waters, and consequently the aquatic fauna, westwards 
Probably this happened several times contemporaneous with the phases of the 
Himalayan uplift and enabled the fauna to spread westwards in a senes of waves 
Evidence of Such waves of migration is clear oven among the Chelomans referred 
to above 

Age or the Present-day Crocodiles and Chelonians 
Though the Crocodiles made their first appearance in the Upper Cretaceous of 
Europe and North America, the fossil forms of Ghanals (Gaviahs) are known from 
the Pliocene deposits of the Siwalik Hills and the Narbada Valley The Chelonians 
are a much older group, for they are found in the Tnassic much as we see them now 
Their greatest development was towards the end of the Mesozoic and in the early 
Tertiary Penod As shown above, some of the present-day Indian forms are known 
from the fossils of the Siwalik Hills and are, therefore, at least as old as the Pliocene 
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The Origin and Dispersal op the Fauna 

As in the case of freshwater fishes, the distributional TFbcords of Indian 
Crocodiles and Chelomans show that they originated on the Yunnan tableland when 
the conditions were probably somewhat warmer than they are at present With the 
subsidence of the surrounding country, probably in a senes of five or six phases, and 
the production of long slopes downward to the east and the south, the fauna became 
dispersed along these two routes in the first instance, the eastern branch colonised 
French Indo China and Annam, whde the southern branch became dispersed into the 
hills of Burma, Siam and the Malay Peninsula The northern portion of this branch, 
through a series of river captures, was deflected westwards to the Eastern Himalayas 
and the Hills of Assam There is a barnor, yet undehned, in Central Nepal, winch 

E mted the westward migration of the fauna along the Himalayas, but the Assam 
were then continuous with the Rajmahal Hills and there stretched across India 
loftier ranges of the Vmdliya and Satpura Mountains which captured the monsoons 
and produced ecological conditions similar to those of the Eastern Himalayas, 
Assam Hills and the Western Ghats In certain parts of the Chota Nagpur plateau 
Bimilar conditions prevail even up to the present day Along this range the fauna 
was dispersed to the Western Ghats and thence along them to the south and Ceylon 
This was the first wave and could explain the occurrence of Malayan or Indo-Chinese 
element in the fauna of Ceylon The second wave came with a very rich new faunal 
element after Ceylon had been separated from the mainland through subsidence 
This would explain the number of characteristic species in the Malabar Tract (Cochin, 
Travancore) south of the Falghat Gap Through further subsidence or faulting the 
Palghat Gap made its appearance and prevented the third wave from reaching the 
extreme south of the Peninsula Through the latest eruption of the lava, a con- 
siderable north-western portion of the Deccan becamo denuded of ammal life and 
when normal conditions returnod, a fourth wave repopulated it There were then 
shorter waves which did not reach the Western Ghats but spread for varying dis- 
tances along the Satpura and Vindhya Trend of Mountains It was at this stage, 
that the Indobrahm river of the Biwahk penod became dismembered, the Garo- 
Rajmahal Gap formed, the present-day Ganges came into existence and flowed 
through the Garo-Rajmahal Gap to the Bay of Bengal Further changes in the 
migration of the mountainous forms between the Garo Hills and the Rajmahal 
Hills became interrupted but the Eastern Himalaya and the Assam Hills continued 
to receive eastern elements 

The Western Ghats had another contact with the Himalayas through the 
Arravali Range and some Western Himalayan forms spread over this range south- 
wards Similarly, the high country beyond Delhi to the Baluchistan and West 
Punjab Hills, which must have been more pronounced once, served to deflect some 
of the north-western forma to the south However, this element is represented only 
by a few forms 

The most remarkable thing to note is that all these changes had occurred during 
the Pleistocene or later penods when the present-day fauna had established itself 

Conclusions 

In his chapter on Zoogeography, Smith (1931 , p 16) remarked 

‘Tho dispersal of most of the species that exist today took place at a time when the 
geographical configuration of the country was very different from what it is today The 
number of species that are common to the islands of the Malay Archipelago and the 
continent of Asia is one proof of this, the present distribution of Ghanal (Qowalxa 
gangetxcua) and of the Freshwater Turtles, e g , ChUra and Pelochelye, m river systems that 
are not now connected together is another It seems equally certain that the Indo 
Chinese hill tortoises, Teatudo elongate and Qeoemyda tncannate did not extend their range 
into the peninsula of India (Chota Nagpur) by crossing tho Qangetic Plain True hill 
species for this reason are of greater interest and value in the study of zoological distnbu- 
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tion than lowland forms They are just as much isolated by the conditions under 
which they live as if thoy inhabited islands, and their occurrence on widely separated 
mountain ranges is good evidence that a moro direct connection between these ranges 
existed in past timos than is to bo found today ’ 

All this is very true, but Smith failed to indicate the connections which coqld 
account for the many anomalies in the distribution of the Crocodiles and Chelomans 
In fact, in his second volume in the Fauna (1935, p 15) on Sauna (Lizards), ho is 
unable to explain these anomalies of distribution He states 

‘The close affinity which certain Indo Chinese and Malayan lizards have with others 
that inhabit Southern India — the northern part of the Indian Peninsula being without 
them — raises an interesting point in zoological distribution The msomblanoe which 
Dasta ohvacea bears to D etibateruleum, Lygoaoma maculatum to L dueiumien, and 
Rtopa bownngt to Ii albopunctalw), is so ologo that one feels convinced that if one has 
not been derived from the other thoy must surely havo had a oommon ancestor The 
genus Draco has a siqnlar distribution, fnmrni# mlvator occurs in Ceylon and in Indo 
China, but is absent from the whole of tho Indian Peninsula, and there are similar 
parallels m distribution among tho mammals, birds, fishes, and insects Why are they 
absent from Northern India T Have thoy died out in that area, or was there at one 
tune a more southern route across the Indian Ocoan by whuh they could travel T’ 



Text no 6 Dismemberment of the Indobratun in the late Pleistocene Period and the birth 
of the Indus and the Ganges aa separate rivers After Dr D N Wadta ( Proc Nat 
Intt Set India, 4 , 389, 1938 ) 

‘At the end of tho Siwalik epoch an uplift of the ground between Hardwar and Bikaner 
disconnected the Indus system from the Ganges portion of the Indobrahm, thus splitting 
up that river into two separate drainage basins' (Wadia) 

I believe the route I have suggested above along the Vmdhya-Satpura Trend of 
Mountains meets with all the requirements of zoogeography in India so far as the 
occurrence of Malayan element in its fauna is concerned The most interesting 
point is that all these changes were, comparatively speaking, recent and that they 
are more or less supported by the evidence that has accumulated in recent years 
concerning the palaeophysiography of south-eastern Asia For instance, Wadia 
(1943, p. 41) has pointed out that 

‘The period immediately succeeding the Tertiary was a period of intense orogenic 
activity in North-West India, it being the final phase of the uplift of the Himalayas, 
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during which, to judge from various evidences observed, in thePir Panial, the Kashmir 
Himalayas were lifted from 5,000 to 8,000 feet The tiltihPoRtl folding of the river 
and lake formed Karewas with the fossil plants, fish, batrachians, eleplias. rhinoceros, 
and a few human implements, and their extension to altitudes up to 11,500 feet, afford 
a rough estimate of tne extent of the movements and of their time duration ’ 

These intense movements m the North-West India must have had percussions 
over the entire Indo-Gangetic Basin and affected the Vmdhya-Satpura trend of 
mountains It seems likely that orogemc movements of this period may have dis- 
membered the Indobrahm nver and produced the Garo-Rajmakal Gap which 
blocked the further migration of the so-called Malayan fauna to (South India 
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Summary 

The distribution of Crocodiles and Clielomans in Ceylon, India, Burma and Farther East is 
tabulated in accordance with the data given in Smith’s revised edition in the Fauna of British 
India series Short descriptions of the zoogeograplucal areas recognised by binith and of the 
ecological factors influent mg animal life therein are given. 

Of the 61 species of Crocodiles and Chelomans inhabiting the Indian Region, one species 
of crocodiles and four species of turtles are either ostuanne or marine Of the remaining 
66 species, 8 are common to the Indian and Indo Chinese Subregions, 14 are confined to the 
Indian Subregion and 34 to the Indo Chinese Subregion Tiie significance and value of dis- 
tribution of species of each of these groups is separately elucidated 

The distribution of species of the Indian Subregion shows (l) that some of the species 
are still in the process of evolution and that in oertain characteristic ecological complexes a 
number of endemic species have evolved, (u) that there is definite evidence of tho migration 
of Malayan forms to Poiunsular India, (ui) that the Indus and the Ganges must have formed 
a continuous river system once and that at some stage the Mahnnadi and Uodavan had connec- 
tions with the Ganges System, (iv) that there is evidence of the migration of certain North 
Western desert forms to Peninsular India and Ceylon, and (v) that the Uhota Nagpur plateau 
must have been in the route of migration of the Malayan forms to Peninsular India 

Southern China seems to be the probable centre of origin of the fauna and roforonoo is 
made to the antiquity of the Crocodiles and Chelomans It is shown that the present-day 
Indian forms are at least as old as the Pliocene 

A brief account of the evolution of tho geography of South Blast Asia is given and the origin 
and dispersed of the fauna is discussed The moet remarkable Hung to note is that the various 
palaeogoograpluoal changes responsible for the present day distribution of ammals in India seem 
to be of comparatively recent origin and are probably associated with the intense orogemo 
activity immediately after the Tertiary when the Kashmir Himalayas were lifted from 6,000 
to 8,000 feet 

References 

Blanford, W T (1901) The Distribution of Vertebrate Animals m India, Ceylon, and Burma 
Phil Tran* Boy Soc , London, (B) 194, 335-438 
Gregory, J W and Gregory, C J (1923) The Alps of Chinese Tibet and their Geograplncul 
Relations Geographical Joum , 61 , 1 54-180 

Horn, S L (1930) Ecology, Bionomics and Evolution of the Torrential Fauna, with special 
reference to the organa of attachment Phil Tran* Roy Soc (B), 237, 171-282 
Horn, S L ( 1 944) On the Malayan Affinities of the Freshwater Fish Fauna of Peninsular India, 
and its bearing on the pro ba bio age of the Garo Raimahal Gap Proa Nat Set India , 
10, 423-43# 

Nikolsky, G (1947) On biological peculiarities of faumstic complexes and on the value of their 
analysis for loogeography tool. Jh , 26, 231 

Smith, M A (1931). The Fauna of Bntuh India Reptilia and Amphibia, I Loncata, 
Testudines 

Smith, M A (1935) The Fauna of British India Reptilia and Amphibia, II, Sauria 
Pascoe, E H (1919) Early History of the Indus, Brahmaputra and Ganges Quart Joum 
Goal. Soc., IS, 136 



IN INDIA AND ADJACENT COUNTRIES 


309 


Pilgrim, G E (1919) Suggestions concerning tlio History of the Drainage of Northern India 
Joum At Soc Bengal (N S ), 15, 81 

Wadia, D N (1943) The Pliocene Pleistocene Boundary in North-Western India Proc 
Nat Inet. Set India, 9, 37-42 


Discussion 

Dr A Tindell Hopwood of the British Museum (Natural History) sent the 
following comments with regard to the evolution of the geography of South-Eastern 
Asia and distribution of certain selected species 

‘The E W valleys of Central Asm are tenner ted with tho Horoynian (i e Carboniferous) 
orogenesis Their relatively simple arrangement was strongly influenced by the much later 
Alpine Himalayan movements whith began at the very end of the Cretaceous, continued at 
intervals during the Tertiary, gave a last hoavo at tho beginning of tho upper Pleistocene and 
havo not yet entirely died away 

The curious disposition of tho mountains to the W N and E of India is a result of the 
squeezing out of the Tethyan geosync lino between Laurasia advam mg from tlio north and the 
Indian block, or fragment of Gondwanalund from tho south The opposing fronts squeezed 
the soft contents of the geosynclme into the E W Himalaya but, since the Indian block was 
much narrower than Laurasia its advance threw the sediments on oithor side into N S folds 
as in E Baluchistan and in Burma 

Eventually Laurasia ovor rode the Indian block, or if you prefer it, India dived under 
Laurasia In any event the elevation of the Tibetan plateau was caused by this movement 
which also tilted the Indian block and corned down tho Vindhya Satpura lulls In the fore- 
deep so formed on the southern front of the Himalaya tho Indo Gangotic plain was formed from 
the sediments washed down from the rising mountains 

The Vindhya Satpura ranges, the Eastern Ghats and the Nilghins are extremely ancient 
features representing early Palaoozoic (Cambnan t) orogenesis 

If the Brahmaputra is an old river which onginally flowed in an E W valley, its mouth 
must have been somewhere on the China Sea, and one is tempted to speculate that ita eastward 
continuation is now represented by the Yangtse Kiang If that wore so the interruption would 
havo been brought about by tho elevation of the mountains which now fall the gap between 
the two rivers and tho Brahmaputra would be a vory old river indeed dating back to Penman 
or oven Carboniferous times It seems more likely, however, that tho river did not exist prior 
to tho first elevotion of the Himalaya and that it took its origin from tho drainage of tho northern 
slope of that chain accumulating in a parallel valley There it flowed eastward The southward 
bend in Tibet is conditioned by the general structure of that area, and the same factor governs 
the westward bond in northern Assam 

The reversal of drainage which ended the Indo Bralirn and gave rise to the Ganges and 
Indus is post Middle Pleistocene date The same earth movements wore responsible for the for 
mation of the Garo Rajmahal gap 




a Oawtlu gangettcus 
b OroeodHut palustnt 

0 Cyelemyt mouhoti 

d. Gtormyda tncannata 

e. O tryuga 

f Kaehuga dhongoha 
g Batagur baska 
h Tettudo elongata 

1 iAMemyt punctata 
j Ohttra tndtoa 


i the Distribution uj certain selected Spectes 


I, 2, 3, H, 9, 11, 12 


Of these b, t, J are old species in India and invaders in Indo Chinn, o and h are old in Indo 
China and invaders in India The difficult genera are Geoemyda, Kaahuga, and Batagur 
Geoemyda probably invaded India and Kachuga invaded Indo China Batagur might have done 
either, but I think it went from West to East ’ 


The following discussion took place when the paper was communicated by 
Dr Hora at the Ordinary General Meeting held on May 4, 1948 — 

In communicating his paper entitled ‘Tho distribution of Crocodiles and Chelonians in 
Ceylon, India, Burma and Farther East Dr 8 L Hora gererally referred to the distribution of 
the Vertebrate in India, with particular reference to the so-called Malayan affinities of tho 
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vertebrate fauna of the Malabar Tract of the Western Ghats He iwjA&l attention to the fact 
that after the completion of the Fauna of British India volumes on Vertebra ta, Blanford pub 
bailed an account of the distribution of vertebrate animals m the Philosophical Transactions 
of the Royal Society of London in 1901 Some of these Fauna volumes have now been revised 
and in the light of new knowledge concerning the systematic s and geographical distribution of 
the various animals, it was now possible to comprehend more fully the zoogeography of the 
forms showing discontinuous distribution This article, Dr Horn pointed out was the first 
of a sonos that would be published on this subject 

Dr Hora then described tlio probable routes of migrations of the Malayan forms to the 
Western Ghats and stated that os Bay of Bengal is a very old fouture of the physiography of 
India, the migration of freshwater turtles and tortoises could not be aoross this region As 
most of those forms were not found in the Western Himalayas, they could not have been pushed 
down as a result of glaciation The rosomblaneo of the Cheloman fauna of the Chota Nagpur 
Plateau with that of Assam, Burma and Farther Bast on the one hand and with that of the 
Malabar Tract on the other showed that Chota Nagpur must have formed a part of the route of 
this migration This, Dr Hora said, confirmed his earlier views based on the study of distri- 
bution of torrential fishes, and ho was fooling more and more convinced that the Satpura Vindhya 
trend of mountains must have been continuous once with the Assam Hills and the Eastern 
Himalayas on the one hand and with the Gujerat section of tile Western Ghats on the other 

Dr Hora tlien referred to tho necessary climatic conditions over tho Vmdliya Satpura trond 
for making possible the migration of the rain forest dwelling spei tes common to the Malabar 
Tract and Assam Burma region Ho opined that when this migration took place the Satpuras 
and the Vindhyaa must have been much higher ranges which could intercept monsoons more 
effectively so as to givo an annual procipitation of 100' to 1 60' per annum on their slopes resulting 
m luxuriant vegetation He stated that Dr 8 K Banerji, Director General of Observatories, 
has computed that for this amount of precipitation, the Satpuras must be raised to 6,000 to 8,000 
feet abovo sea levol 

Rofomng to tho geological ponod when this migration took plaoo, Dr Hora stated that 
the evidence so far available to him showod that active migration was facilitated by orogemo 
movements consequent upon tho uplifts of tho Himalayas during the later Tertiary or Quartemary 

Dr 8 K Banerji explained with reference to the monsoon currents in this region how the 
figure of 6,000 to 8,000 feet elevation of the Satpuras was computed so as to give Dr Hora 
climatic conditions, consequent on roinfall, equivalent to those prevailing in Assam and the 
Malabar Zone Ho statod that from the very nature of the proposition put to him, it was 
difficult to answer with any degroo of precision but tho values given could be taken as very 
good approximations 

Dr 8 P Agharbar stated that the hill top floras of the Western Ghats and tho Assam- 
Burma Hills showed resemblances almost identical with those described by Dr Hora among 
the faunas He also agreed with Dr Hora that the Satpura Vindhya trend of mountains could 
servo os the route of migration when tho climatic conditions over the entire area were more 
or less uniform and conformed with the present day conditions in the Eastern Himalayas, Assam 
Hills and the Malabar Zone 

Dr D N Wodia stated that as a geologist he welcomed the studios that wore being conducted 
by Dr Hora, but that more detailed information and data were necessary to establish the 
probable route of migration of the Malayan forms to the Western Ghats 
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A NOTE ON AN ANALOGY REGARDING OPERATORS IN 
DTRAC’S WAVE EQUATION FOR THE ELECTRON 


liij S Gupta 

Tata Institute, of Fundamental lit search, Bombay 
(Communicated by Dr H J Bhubha, F R S ) 
(lit reived March 15 , raid 1 pul 2, 1048 ) 


1 The Dirac equation for tho clo< tron 


h dip 

_ ,3i = 


the vbsene c oi 


he Id is 


(D 


whore tho Hamiltonian H is given by *. 

B = c(«iPi+a*P2+«sPs+«4 , ”o c ) (1') 

With the four g operators in tins Hamiltonian as pointed out by J v Ncumuin 
(1928), 16 opeiators can be formed (by multiplication) which tire linearly m 
dependent and it is expected that some physical significant* can be attributed to 
each of them Different authors associate these matrices with physic il qumtitics 
m different manner Some have worked in terms of clc i sities (in Dune D irwin 
sense) and their opeiators are slightly different from those who hive prefund to 
argue m toims of the ope rators themselves as representing the physic al qiiantitu s 
Below is written the whole set of operates s in a group S indicating the physic il 
quantities with which the y aio associated and which are m common use * 

SI Jo — l> cli ergo oporitor, 

— * 1 > <*2> *«• cum ut opoiatois 

II Pi, Pg, P a = — — ta 4 a 2 , — ta 4 a 8 oleic ti n moment ope r dons 

Mi, M it Mg = — *«4Ci*as, — magne tic moment 

ojierators 

III K 0 , K v K s , K z = — tapxsas, — ta»ai, — wtja* spu opeiatois 

IV I, J = « 4 , « 4 «ia 2 a s not definitely identified 


The densities (m Dirac Darwin sense) of I, II, III and IV an tian t lined as 
a four vector, an antisymmetiieal tensor of tho second runk, an antisymmoti le al 
tensor of the third rank and invariants respectively , but these opeiators the msolves 
have no such transformation properties 

For the discussion of the Loientz invariance tho most useful foim of (1) is 


(yt'^+moc)^ = 0, 

«4 y* = *4** (£ = i , i, 3 ) 


= ^-,yO 


* Many authors beginning from Dirac himself liave interpreted many of these operators in 
the manner stated here We have left aside the oonstact t actors which ire associated with the 

operators 
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The Lorentz invariance of (1*) with given yf* demands tlrfc*#or the orthogonal 
transformation defined by 

r p = U i jr v 


there shall exist a similarity transformation of yP given by 

/TyP/l - L,V 

If yP, when transformed in this sonse, is called a foui vector, a set S' of tensois can 
be defined as follows 

S’ V yP, afourvoctor 

Jo. Ji> h, h = y°> y 1 y 2 . y* «= *4«i. *4** *4*s 

II' iyPy“| (p v), an antisymmetncal tensot of the second rank 
P lt P 2 , P„ «■ ty 1 )^, iyV°. ‘yV = — i«i, —toe* — 1* 8) 
if 2 , = ty*y», »y*y 1 , ty’y* =» — ta^a, ~ta 3 «i, — tajCtg 

III' ly^yPy* 1 , (^t jfz v^\), an antisymmetncal tensor of the third rank, 

ir 0 . *i. » - »yVy®> ‘y'VV »yVy°. «yW 


«= — — *a 4 « 8 «i — i« 4 ai«i 

IV' yiy*ySyO ai a 2 a8 = J', an invariant 


It is to bo noted that the set S can bo obtainod from S' simply by multiplica- 
tion with # 4 from the left and vice versa In this note it will be shown that S and 
S' are related to one another in a manner Buch that any operator of one set can be 
expressed in terms of tho corresponding operators of the other set Moreover, this 
relation has a formal analogy with Lorentz transformation such that quantities 
in S' correspond to a set of vectors in rest system and those in S to a set in a 
moving system 

2 For a free electron H and p, tho energy and linear momentum operators 
respectively are integrals of the equation and are constants , and further 

H* = c*p»+wio*c« (2)- 


Using these properties of tho free electron. S' can bo expressed in terlns of S in 
the following manner 




U ) (Mp )p h H 


,w*oC*j 


+ ^i^ + c [c8 ^ - P M 




(3) 


W 


<#) 
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The first equation of (3) is obvious from the Hamiltonian itself and the first 
equation of (5) can be obtained by multiplying from the right both sides of (1') 
with — wci« s as For the second equation of (4) we operate with M k on (1') from the 
right and havo 

M * - A j + 1 [e«p£r\ Pj t | , (6) 

m 0 e* t * c * J ihqC 

where r ™ ai« 2 aaa 4 Again, since 

(£T— = tc(M p), 

on operating with H— « 4 /a 0 c* from tho left on both sides of this equation and 
taking equation (2) together with tho relation 

Ha 4 +« 4 H = 2moc* (7) 

into consideration, wo have 


p >. 

When this expression for t is substituted in (6), the second equation of (4) is 
obtained In a similar manner tho first equation of (4) can also be deduced 

For the second equation m (5) equation (1') is multiplied from the right by 
K k (kwm 1, 2, 3) which gives 

w K 4 + i" x, * ) - (8) 

Again, 

{H— o^wioc*}*** = icp h +c [p X KJ t 


Wo operate with H— a 4 w 0 c 8 from the left on both sides of this equation and takmg 
(2) and \7) into consideration, wo get 


_1_ 

m v c 


( H \ [PXK], t « p h ( a \ 

\moC* V P 2 +P a V»«o c * V 


With this expression for ix h equation (8) redu< es to the second equation m (5) A 
similar process gives the second oquation of (3) 

3 In (3), (4) and (5) we have a set of equations m which the quantities of set 
8' are expressed only in terms of the corresponding quantities m S and the elemen- 
tary integrals H and p If now an interpretation of these equations bo attempted 
by retaming the operator veotors on tho right of these equations and replacing 
p, U by their expectation values, namely, 

m^v wipe 8 


respectively and a 4 by its eigenvalue + 1 (positive energy) in tho usual manner, we 
get to the following set of equations 






[tx(vxJ )] 4 t 
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n = (1 —y) +y \ tv 

M k = (1 -y) ( — ^ +y {3/*+^ L»x P]* J, 




A „ =*y|A . 0 
. lvx(vxK)J t 


-i(v K)j, 

+y\^-l 


y = (l-/92)-‘,)8 -../<• 


(5') 


These lelations are identical with the transformation formulae of a four vet tor, an 
antisymmetries] tensor of (ht sot out] tank (oloctiic and magnetic moment tensor) 
and an antisymmetric al tensor of the third rank (which is transformed like a vector) 
in the theory of relativity* (Frenkel, 1926) in which S and 8' behave as two co- 
ordmate systems, S' moving relative to S with velocity v The reciprocal relations, 
namely, S set m teims of S' are easily calculated and can bo obtained from (3), 
(4) and (S) simply by changing the sign of p, just as in the Lorentz tiansformation 
formulae only the sign of v has to be t hanged m such a case This t hanging of the 
sign of p is the same as operating with a 4 on both sides of (3), (4) and (6) from the 
right Tho interpretation of (3), (4) and (6) by replacing only p, H by their 
expectation values, and a 4 by +1 •(■ and retaining the other quantities in their 
apparent tensor form may not bo quite legitimate so far as the behaviour of the 
Dirac electron is cone ei nod but tho lcsemblance of those equations with the Lorentz 
transformation oi tensors and vectois is so stnkmg that this identification may help 
to bring to light some inner relation botwoon tho two sc ts of operators for which 
physical interpretations relating to tho clemontaiy properties of tho electron have 
been proposed It should be remembeied that in S' set the operators themselves 
behave as vectors and tensors m the sense defined before, while in 8 set only tho 
densities, that is the operators associated with the wave functions, behave as such 
S' sot behave as quantities m thoir proper system and in this set only the oharge 
(j 0 ), magnetic moment (M[ M 2 M'f), and (K[ K' 2 K 2 ) operators are hormitian (real) 
and the rest are non-hermitmn, whereas in the S set all tho quantities are hermitian 
(of Frenkel, 1934, p 317) The operator a 4 which transforms one sot into another 
formally plays tho part of a Lorentz transformation These are the furthest limits 
to which probably the above analogy can be pushed Whether this analogy with 
Lorentz transformation is more real than it appears and represents some properties 
of the electron is more than we can say at present 
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Introdi crxoN 

The recent demonstration of endopolyploidy in yeasts (Subramaniam, 1947a) 
makes it possible to give a rational explanation of the technique of handhng yeasts 
for cytologioal investigations It would be admitted that cells should be in active 
vegetative division m order that mitotic stages may be studied bj various methods 
of fixation and staining Therefore, a clear distinction should he made between 
(1) the handhng of cultures of yeasts for cytologioal investigations and (2) the methods 
of fixation and staining employed to demonstrate tho mitotic stages The im- 
portance of the above distmc tion can only be appreciated when it is realised that an 
aerobically growing culture would gradually change into a fermenting one with 
the gradual depletion of tho dissolved oxygen in tho medium Fermenting cells 
are like gland cells and if culture conditions are not standardised, prepaiations from 
suoh cultures would present a baffling array of pictures The use of a variety of 
methods of fixation and staining as done by Nagel (1946) cannot improve matters 
A careful perusal of tho literature shows that none of the previous investigators either 
tried to standardise the methods of handling yeasts for rytologtcal investigations or 
attempted a correlation of the changes m the rytologtcal behaviour of yeasts under varying 
physiological conditions 

It was emphasised in a previous publication (Subramaniam, 1946) that if oyto- 
logical investigations are carried out on rapidly growing cultures, the nuc lear phases 
m yeasts could be demonstrated with ordinary staining procedures From a pieli- 
nunary investigation of the behaviour of the chromosomes in Neurospora crassa, 
MoChntock (1946) remarks ‘No distinctively unique features of chromosomal 
organisation were recognised ’ 
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Since yeasts are considered to bo tho products of da^jjjgratrve evolution from 
higher Fungi (Gmlhermond, 1940), there appears to be no valid reason why the 
cytology of yeasts should be different from that of higher Fungi 

A Critical Evaluation of some Recent Publications 

Nagel (1940) in a recent publication makes the ama7ing statement ‘The body 
most frequently referred to as the nucleus (Guilliermond, 1910, Badian, 1937, 
Beams, Zell and Sulkin, 1 940) is called tho centnole by another school (Lmdegren, 
1946) and the nucleolus by a third (Wager and Peniston, 1910) ’, and arrives at the 
conclusion that ‘ after one hundred years of cytological work, the organisation of the 
yeast nucleus is Htill a matter for debate among authorities, even as to the elementary 
points’ There appears to be very little justification for such pessimism, for identi- 
fication of the organelles in a cell are based on established criteria A careful 
perusal of tho Glossary m Darlington’s Recent Advances in Cytology (1937) would 
show that there can be no confusion in the identification of a nucleus from a nucleolus 
and a centnole from both' Without trying to identify the various cell organelles 
in yeast based on the above established criteria, Nagel unnecessarily complicates 
issues by coming new terms 

From the tabulated statement givon by her (p 268), it would be evident that 
while Janssens and Leblanc (1898), Gmlhermond (1903, 1910 and 1920), Kohl 
(1908), Henneberg (1916), Kater (1927), Badian (1937), Brandt (1941) and Subra- 
mamam and Ranganathan (1946, 1946a, b) identify tho same cell entity as tho 
nucleus, it is only Wager and Peniston (1 910) and Lmdegren (1946) who try to identify 
the nucleus of other workers as the nucleolus and centnole respectively Tho 
‘vacuole’ of other workers, on the other hand, is identified by Wager and Peniston 
and Lmdegren as the nucleus 

Nagel (1946) definitely states that the cell entity identified by the majority of 
workers as the nuclous is Feulgen positive, while the ‘vacuole’ is Feulgen negative 
Greenstem in lus review on nucleoprotems (1944) states ‘At the start of the mitotic 
cycle (prophaso) there is an accumulation of nucleic acid m the chromosome which 
reaches a high value in the metaphase and largely disappears at the telophase This 
nucleic acid is of the desoxyribose type, for it yields a positive Feulgen reaction, in 
no other place, other than the chromosomes, is this type of nucleic acid found’ 
(p 274) If this is the established location of desoxyribose nucleoprotems m organ- 
isms, the identification of a Feulgen positive body in the yeast as the ‘nucleolus’ 
or the ' centnole ’ is unwarranted The contnoles and nucleoli are Feulgen negative 
and Nagel admits this is so (p 266) - 

Lmdegren tried to argue that ‘ the desoxyribose nuoleoprotein nature (Feulgen 
positive) of nuclei of higher organisms docs not necessarily indicate its universality 
in the chromatin of Bimpler organisms’ (Nagel, 1946, p 266) There appearrto be 
no justification for the above, since Avery, MacLeod and McCarty (1944) extracted 
not only a desoxynbose nucleic acid from Pneumococci but also showed that such 
an extract from cells of tho encapsulated Type III induced the R variants of Type II 
to become encapsulated ‘Inheritable morphological, serological and chemical 
alterations in a living organism are thus induced by a specific chemical substance, 
in this case a polymerised desoxypentose nucleic acid’ (Greenstem, 1946, p. 280). 

Realising probably the untenable position taken up by him, Lmdegren (1947) 
suggests that in view of Rafalko’s (1946) work, ‘the yeast chromosomes contain 
desoxyribose nucleic acid and are apparently conventional m this regard’ (p 63) 
The bodies identified by him as the ‘chromosomes’ in the ‘vacuole’ and claimed by 
him as composed of ‘volutin’ are now considered to be of the conventional type 
Nagel (1946) is sure that the ‘vacuole ’ and its contents are Feulgen negative and that 
granules are lacking in the vacuole From her Table V (p 269) it is apparent that 
only 14% of the cells showed any granules in the vaouole and of these only 2% 
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showed any pairing It is from this negligible percentage (2%) that Lmdegren 
identified these bodies as ‘chromosomes’ based on ‘their structure and behaviour’. 
Nagel says ‘If the magnicorp (vaeuolo) is nuclear, the variability of the number 
of particulate units is suspiciously great’ (p 267) Lmdegren does not offer any 
proof that the homologies of the structures destribed by him are identical with 
those described by Rafalko It appears that Rafalko himself is doubtful of his 
identifications of the stained bodies in Foulgon preparations as tho contriole and the 
nucleolus, since these terms are used within inverted commas The confusion is, 
therefore, not due to want of establish! d criteria but appears merely to be a question of 
personal predilection Thus having tried to identify a Foulgon positive body as a 
‘centriole’ instead of a nucleus, Lmdegren suggests in lus recent contribution that 
‘the desoxynbose nuelooprotein in the centnole is the equivalent of the heterochro- 
matm in cells of higher organisms’ (1947, p b4) C'aspersson and Brandt (1941) 
considered the volutin grams in the cytoplasm c cun posed of ribonucleic acid as the 
equivalent of the hetoroc hromatin and mu leolus of higher organisms The body 
identified by Lmdegren in yeasts as the ‘contriole is not only Feulgen positive but 
does not form a spindlo dui mg mitosis and oven though lying outside the nucleus is 
yet considered to be heterochromatin Contrioles of the conventional type with 
centrospheres have already been demonstrated (Ranganathan and Subramamam, 
1947) Further, in Parts II and V of those studies (Subr&mamam, 1947, Ranga- 
nathan and Subramaniam, 1948) criteria are discussed lor the identification of 
heterochromatm and based on those coitam parts of chromosomes have been identi. 
fied m yeasts as the heterochromatm 

In view of the above confusion a rostatoment of tho criteria for tho identification 
of chromosomes has becomo necessary 

Criteria and Definitions 

Investigators of the cytology of higher plants are never worried over criteria 
for the identification of chromosomes Those engaged in tho study of tho nuclear 
apparatus of yeasts and bacteria are forced to consider these uitena for a corrpct 
appreciation of the problems facing them To define criteria for the identification 
of a chromosome, one has to fall back on two different sources of evidence These 
are (1) physiological and (2) chemical To do this ono has to start with the de- 
finition of the nucleus Darlington (1937) defines a nucleus as a ‘ c ell body which 
arises or reproduces by mitosis’ (p 51) Now, what is mitosis 1 Mitosis is the 
‘separation of identical halves of the split chromosomes into two identical groups 
from which two daughter nuclei are reconstituted ’ (p 22) This takes us to a defi- 
nition of the chromosomes, for chromosomes are ‘the bodies into which the nucleus 
resolves itself at the beginning of mitosis and from which it is derived at the end of 
mitosis’ (p 574) The crucial test for a claim of mitosis is, therefore, the demon- 
stration of the anaphase, which is defined as ' the stage at which daughter chromo- 
somes move apart in a nuclear division ’ (p 672) 

In the yoar 1879 Flemming introduced the word chromatin to refer to the ‘deeply 
staining substance of the nuclear network and of tho chromosomes, consisting of 
nuclein’ (Wilson, 1904, p 439) Usagos of particular terms have changed with the 
rapid advances in our knowledge, but even today, the term chromatin is used to 
refer to ‘the part of tho chromosome that stains deeply during mitosis as opposed 
to the achromatic part’ (Darlington, 1937, p 574) Thus having obtained a clear 
idea of the physiological criteria for the identification of chromosomes let us turn 
to the chemist’s idea of chromatin Mirsky and Pollistor (1943) state ‘From the 
above we may conclude tentatively that chromatin is almost entirely made up of a 
fibrous nucleoprotem, soluble in strong saline and procipitable by dilution This 
substance is a oomplex of desoxynbose nucleic acid with a protein It has long been 
generally accepted that nucleic acid bulks largo in tho composition of chromatin, 
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and since the development and widespread application of^^e Feulgen nucleal reac- 
tion, it has become equally clear that the nucleic acid containSaB its sugar component, 
the desoxypentose, d-nbo desose All this our analyses of chromatin confirm ’ 
(p 268) The chromatin isolated from leukaemic blood cells by Claude and Potter 
(1943) gave a positive Feulgen xeaction and was shown to contain 40% desoxyribose 
nucleic aoid 

Specificity of the Feulgen Reaction 

Tho recent discovery of the acidic protein ‘ ehromosomin ’ by Stedman and Sted- 
man (1943) led to a controversy whether the Feulgen reaction stains the ‘chromo 
somin’ or tho desoxyribose nucleic acid Stedman and Stedman were of the opmion 
that desoxyribose nuc It ic a< id oi « urs not in the chromosomes but in the nuclear sap, 
and that it is tho new compound formed as a lesult of the interaction of tho above 
with the fuchsin-sulphurous acid that stains tho chromosomes On the basis of the 
above argument, Choudhuii (1943) developed the colour in louco-basic-fuchsin by 
addition of an aldohydo und using this claimed that it stainod the chromosomes in 
an identical way as Feulgen s technique Carr (1946) claims (1) that by changing 
the pH, tho colour of basic fuchsin could be changed, (2) that the specific staining 
of tho nucleus is the result of the destruction of the cytoplasmic structures, and 
(3) that the staining of the chromosomes is a mero adsorption phenomenon How- 
ever, the above arguments have been contested and proof has been adduced that 
desoxyribose nucleic acid occurs in the chromosomes and not in tho nuc lear sap 
Stowe 11 and Albers (1943) showed by spoctrophotometnc analyses that basic fuchsm 
differed from leuco basic-fuchsin to which a trace of formaldehyde had been added, 
and stained nuclei m thymus gland horn both The nucleic acid in the chromosomes 
were digested with the desoxyribose nuclease by Mazia and Jaeger (1939), Serra 
(1943), Dodson (1946), Stowell (1946) and Brachet (1946), and it was shown lhat the 
protoid cores of tho cliromosomes left after such digostion do not stiun by the 
Feulgen technique It appears that after hydrolysis for one and a half hours (Stowell, 
1946), when fuchsm sulphurous acid fails to stain any nuclei, the developed nucleal 
stain still stained the nuclei diffusely Sections stained by basic fuchsm, developed 
nucleal stain and by Foulgen technique also differed m tho rato of fading when 
exposed to a carbon arc (Stowell, 1946) The Feulgen stained preparations wore 
found to bo moro resistant than the othors Though the colour of tho structures 
stained by basic fuchsm could be altered by washuig with hydrochlorio acid, the 
icsultant coloui is different from that soon aftor Feulgen staining Hydrolysis may 
dostroy the mitochondria but does not appreciably change the dry weight of the 
tissues (Dodson, 1946), but later staining of tho various cytoplasmic structures 
depends on the type of fixative used But even aftor hydrolysis, some cytoplasmic 
structures and tho nucleolus which do not stain with the Feulgen reagent could be 
stained by the routine stains (Stowell, 1946) Staining of the chromosomes has also 
been shown not to be a mere adsorption phenomenon, since attempts to induce 
nuclei, which were made Feulgen negative by prolonged hydrolysis, to adsorb 
thymonucleic acid, proved a failure (Stowell, 1946) It has thus been emphasised 
(Dodson, 1046, Brachet, 1946 , Stowell, 1946, 1946) that in the present state of our 
knowledge, the Feulgen technique offers a specific test for the location of thymo- 
nucleic acid in tissues 

Technique 

(o) Prtpamlum of Wort and Wort agar — The usual method of preparation of 
wort in this laboratory diffei s m some details from the method suggested by Stelhng- 
Dekker (Henrici, 1941) Fifty grams of barley malt with 260 o c of water and a 
layer of toluene in a 600 c c flask are incubated at 66°C overnight It is filtered 
through a Buchner funnel and while the filtrate is kept separate, the residue is mixed 
with 100 c o of water and cooked for 30 minutes at 10 lb pressure. After cooling, 
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the filtrate from the first digestion is added and the flask and its contents again 
incubated overnight at the same temporature The contents are then filtered The 
specific gravity is adjusted to J 020 and the pH to 4 6-6 0 Roughly evory 60 gm 
of malt gives about 360 c c of wort This is sterilised at 10 lb pressure for 30 
minutes, and if a precipitate appears on standing it is again filtered and sterilised 
This wort is used for experiments only after standing for a few days 

For preparation of wort-agar, 2 gm of agar are added to every 100 c c of wort 
of specific gravity 1 020 and a pH of 0 8, autoclavod at the above pressure for the 
same duration, faltered through glass wool while hot, tubed and again sterilised 
before the preparation of slants 

(6) Method 's of Seeding and Smearing — Material fiom a 24-hour growth on an 
agar slant is inoculated into a test tube i on taming about 5 c c of wort After the 
lapse of 24 hours, tho contents of the test tube are well shaken and discarded and 
an equal volume of wort added to tho tube Tho tube is again well shaken and a 
loop from the above, which would contain Rome 30 to 60 (oils, is ino< ulated into 
100 c c conical flasks containing about 5 c c of wort forming a layer, a few milli- 
metres m thickness, at the bottom The final inoculation is carried out inside a 
sterile chamber and the flasks are left inside tho chamber for 24 hours Richards 
(1928) mentions that tho samo amount of seeding in an identical quantity of tho 
medium produces almost the same amount of growth whothoi ( ultured in test tubes 
or in petri dishes, in spite of the differences in the area exposed to air Our observa- 
tions indicate that growth is better when grown in thin layers of wort in conical 
flasks Growing in flasks simplifies handling and also shows less number of dead 
cells. 

The few cells scoded utilise most of tho sugar for growth and ferment the rest 
Hence, after the lapse of 24 hours, tho flasks show a layer of resting cells with a very 
small percentage of budding onoR The spent medium in t he flasks is carefully poured 
out without disturbing the layer of yeast, and replaced with throe times its volume 
of fresh wort and well shakon in order to ensure a uniform distribution of cells A 
stop watch is startod at tho time of changing the medium The cells begin to settle 
at the bottom of tho flask 16 to 20 minutes after tho addition of fresh medium and at 
the stipulated interval the wort is carefully poured out and the layer of cells loft 
at the bottom utilised for making smears 

It was found that to smear and transfer a slide to tho faxing bath would take 
30 seconds Thus, if tho smearing of the contents of a flask is done in an orderly 
faphion, progressive stages separutocl by half-minute intervals could be obtained 
The contents of ea< h flask are used for making only 10 slides For example, if the 
smearing is done of tho contents of a flask containing a 30 niinuto growth, tho first 
slide would give the picture at the 30th minute while the tenth would bo that of 34 
minutes and 30 seconds Thus, 10 slides oach are made from tho contents of flasks 
30, 36, 40, 46, 50, 56 and 60 minutes after changing the medium These seventy 
slides give one a glimpse of the cytological changes taking place during these 36 
minutes (30 to 65 minutes) at regular intervals of about 30 seconds 

(c) Methods of Fixation — Tho yeast is removed from tho flasks with a pippette, 
and a small quantity is placod on a slide coatod lightly wuth Mayer’s albumm It is 
smeared carefully to give a uniform layor, one cell thick The smear is + hon exposed 
to ammonia vapour for a few seconds and carefully transferred to troughs containing 
either Carnoy’s alcohol acetic-chloroform mixture or Bourn’s fluid If the cells 
show a tendency to get dislodged from the slides, which happens when the yeast 
emulsion is a bit thm, tho slides are kept inverted over a trough of Carnoy’s fluid for 
two minutes and then transferred to the fixatives 

As a preliminary to staining by tliq Feulgen technique the smears without pre- 
treatment with ammonia are fixed in osmic vapour for 30 minute* One c c of a 
2% osmic aoid solution is introduced into a staining trough with grooved sides 
intended to hold ten slides, and the smears are kept above the layer of osmic acid by 
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placing two glass rods at the bottom It was found that |g^t a uniform fixation, 
the slides should be reversed at the end of 15 minutes. 

From experiments, it appears that fixation for one hour in Carnoy’s or Bourn’s 
fluids gives the best pictures Boftin slides are washed m 70% alcohol and stored 
in the same, while Carnoy slides are first washed in rectified spirit and stored in 
70% alcohol after being passed through 90% alcohol 

Slides fixed in osmic vapour for 30 minutes are first dried and then transferred 
to 70% alcohol 

(d) Methods of Staining — The slides are washed in water and mordanted for 
24 hours in a 4% solution of iron alum They are then washed m runmng water 
for half an hour and stainod m well-ripened 0 5% haematoxylin for 48 to 72 hours 
This long treatment with the mordant and the stain enables one to control the 
differentiation which is carried out with a 4% solution of iron alum Correct 
differentiation is a rather tricky affair and considerable experience is necessary to 
get beautifully stained preparations The differentiated cells are washed for 30 
minutes in running water, exposed to ammonia vapour for a few seconds, taken 
through ascondwg grades of alcohol to xylol and mounted in Canada balsam Well- 
differentiated slidos do not require any counterstaimng 

Staining by the Feulgen technique is comparatively easier If the smears are 
hydrolysed after a short wash in 70% alcohol, the staining is not very satisfactory 
The best preparations are obtained from slides kept for 24 hours m 70% alcohol 
The correct time of hydrolysiB is found to be 7 minutes and the sbdes are kept 
overnight in louto-basic fuchsin Gurr’s basic fuchsm was employed throughout 
and the louco basic fuchsin freshly prepared for each batch of experiments is shakon 
with Norite and filtered before use 

The smears on removal from the fuchsin-sulphurous acid reagent are washed in 
three changes of SOj water, and then countorstained lightly with light green 
On comparison, light gteen is found to be moro suitable than fast green After a 
wash in /distilled wator, tho sbdes are quickly dehydrated and mounted in Canada 
balsam Even after the lapse of fifteon months the slides show no signs of fading 

The Principles on which the Technique of handling Yeasts fob Cytologioal 
Investigations webe devised 

One of the stumbling blocks for adYances in our knowledge of the cytology of' 
yeasts was tho non availability of an easily reproducible technique for handing 
yeasts for cytological investigations Kator (1940) remarks about his own previous 
work (1927) ‘The value of the method rests upon the fact that in the presence of 
picric acid, tho nucleus will stain before the cytoplasmic granules, but the required 
balance of dye and acid appears to be quite delicate so that duplication of results 
is difficult Although the clear cut cells on the sbdes were very convincing to an 
actual observer, it can hardly legitimately bo the basis for a general acceptance of 
the conclusion by all workers in the field until others manage to duphoate the 
results ’ 

Fixation and staining play only a minor rfile m the teohmque of handling 
yeasts for oytological investigations As pointed out by Subramamam (1946) 
‘the demonstration of anaphase stages is the crucial test for any claim of mitosis 
in yeasts and the very fact that these could be demonstrated in material fixed and- 
stained in the ordinpy way shows that failure of the earlier workers to obtain the 
mitotic stagos was more due to the inherent difficulties in the handling of material 
for cytological investigations than in the lack of availability of a suitable technique 
for demonstration ’ Thus the emphasis is shifted from the methods of fixation and 
staining to the handling of cultures in such a way that not only would it be possible 
to get at specified intervals larger percentages of cells at identical stages of division, 
but would also enable one to follow the course of cell division m an orderly manner 
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Since cells of no two yeast strains divide at identical intervals, any technique 
should be based on principles applying which one should be able to investigate the 
cytology of any strain Blind repetition of a technique without any grasp of the 
variable factors requiring control would, instead of clarifying issues, only enhance 
the confusion A clear logical presentation of the principles appears therefore 
necessary 

In 1801 Pasteur demonstrated that m well aerated media tho yeast is aerobic, 
completely decomposes sugar into carbon dioxide and water, and resembles other 
plants m its respiration as well as multiplu ation While during fermentation 
100 gm of sugar is split up roughly into 51 parts of alcohol and 49 parts of carbon 
dioxide, tho same quantity of Riigar is used up during aerobic growth to form about 
190 gm of yeast, sirno no alcohol is produced From a recent review (Neuberg, 
1 946), it appears that the biochemistry of respiration in yeasts yet awaits elucidation 

Clark (1922) observed logarithmic growth for 15 hours and Richards (1928) 
unlimited growth, if the medium was changed once in threo hours The increase 
m the number and volume of colls was c onsiderably more when the spent medium 
was replaced with an equal volume of fresh medium than when added to the spent 
medium 

While Clark (1922) found that the logarithmic phase ends at 15 hours, Richards 
(1932), m two separate studies, found it terminating at 30 and 35 hours after inocula- 
tion Such variations have been attributed to different concentrations of certain 
substances m the media which accelerate growth Though the ago of the cells used 
for seeding was found by Richards to have ‘no appreciable effect on the crop’, he 
found that tho quantity used for seeding ‘determines the rate with which the events 
of tho growth cycles aro completed ’ An equilibrium m the number of cells persists 
for some hours after the logarithmic growth phase Thus, the variable factors like 
control of the quantity to be seeded and hence the time of termination of the logarith- 
mic phase, the composition of wort, the age of material used for seeding, and tern- 
perature are possible within limits 

It is true that even during the phase of equilibrium, a small percentage of cells 
would bo budding In such a population, howovor, fermenting cells would be few, 
since the amount of sugar in the medium at this stage appears to be negligible, and 
because it is presumed (Richards, 1932) that it is the glycogen stored in the cells 
whioh is utilisod for the second fermentation 

Thus in the technique employed, the cells would be in a phase of equilibrium at 
the end of 24 hours and replacement of the spent wort with fresh medium induces 
multiplication of all the costing cells which grow at almost the samo rate It was 
possible, therefore, to study the mitotic stages m a rogular sequence from a serins of 
preparations made at regular intervals without the necessity of trying to fit in the 
various stages in their proper sequence as in a jig-saw puzzle 


logical 

mitoti 


1 The need for a dear distinction between (a) the handling of cultures of yeasts for eyto 
»! investigations and (6) the methods of fixation and staining employed to demonstrate the 


nitotio stages is emphasised 

5 A critical evaluation of some recent publications is made and it 
state of our knowledge of the cytology of yeasts is not due to want 
identify the various cell organelles 

3 Criteria for the identification of nuclei and chromosomes are restated and the question 
of the specificity of the Feulgen reaction is reviewed 

4 Details are given of the preparation of wort and wort agar, the methods of seeding and 
smearing, and the methods of fixation and staining 

6 A rational explanation is offered of the principles on which the technique of handling 
yeasts for cytological investigations were devised 

6 It is pointed out that if material is handled in the manner indicated, the mitotic stages 
could be studied in a regular sequence without the necessity of trying to fit in the various stages 
In their proper sequence as in a jig saw puzzle. 
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Introduction 

It waa reahzod early during our investigations on the cytology of yeasts 
(Subramaniam, 1940) that a clear distinction should be made between an aerobically 
growing culture and a fermenting one That the physiology ot an ai robic ally 
growing yeast cell should bo different fiom that of a fermenting one needs no 
reiteration (Ranganathan and Subramaniam, 1947) On the above basis it was 
suggested that division of the nucleus during the aerobic phase alone is comparable 
to the division of the nucleus in higher plants Further, it was emphasised that a 
knowledge of the nuclear behaviour during aerobic growth is an essential pre- 
requisite for any attempt at correlation of the behaviour of the nui leus under varying 
physiological conditions 

Logically, evaluation of results should be based on the right type of comparisons 
This necessitates a correct perspective, which is possible only if theie is a dear appre- 
ciation of the variations in the cytologioal behaviour exhibited by different types 
of oells in response to their specialised role in the economy of an organism In 
higher animals, a dear distinction is made betwoon the cytological behaviour of an 
embryonic cell from that of a glandular cell The behaviour of the nucleus in 
glandular cells is interpreted as changes from normal behaviour exhibited by 
embryomo cells m response to specialisation for particular functions, and no 
generalisation on nuclear behaviour in all typos of cells is attempted from studies 
on glandular cells alone Yet, this is what has happened in yeasts Generalisations 
on the behaviour of the nucleus m yeasts ware based on fermenting cells The fact 
that the yeast cell is unique and shows both oxidative and fermentative abilities 
was forgotten The difference between a growing cell and a fermenting one, as 
far as cytological investigations were concerned, was ignored Students of the 
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histology of higher animals m particular would be awarongEjjhe marked difference 
in the cytologioal behaviour exhibited by glandular cells Taking their origin 
from what are oalled ‘ replacement ’ tolls, the secretory cells may die after a single 
secretory cycle as in ‘ Holocrine ’ oolls or may repeat tlio process as in ‘ Morocrine ’ 
tells before death supervenes (Bowen, 1929) 

A fermenting yeast cell can legitimately be compared to an actively secreting 
glandular cell (Wager and Poniston, 1910) and until evidenco is adduced to the 
contrary, thero appears to be no reason why the cytologioal behaviour of a fermenting 
yoast cell should not be compared to that of a glandular cell When such a com 
panson is attempted, then some startling similarities become evident (Subramamam, 
19476) 

Since tho mitotic cycle has already been described for the brewery strain Sc 9 
(N 0 TC 3,007) (Subramamam, 1946), it was thought desirable to investigate the 
behaviour of tho nucleus during fermentation 


Endopolyploidy 

Though the earlier belief was, with a few ox< options, that the chromosome 
nuniboi was constant for all tissues of an organism, it has been conclusively proved 
m insects that this is not so and that tho nuclei of tho adult tissues are polyploid m 
varying dogrees The uregulaily shaped masses of chromatm, which represent tho 
chromosomes in tho resting stage, are in many cases sufficiently distinct, and since 
nuclei m diffeient tissues show diploid, tetraploid and octoploid numbers, it has 
been surmisod that these nuclei are polyploid That such a duplication in tho 
number of chromosomes takes plac e by a process of ondomitosis has been demon- 
strated in nurse cells of the ovary of Drosophila by Painter and Reindorp (1939) 
The duplication of the chiomosomos takes place at periodic intorvals during the 
early growth of tho tissue and the splitting of the < hromosomes is unaccompanied 
either by dissolution of tho nuclear membrano or by the formation of asters or a 
spindle In the nuise colls of tho ovary of Drosophila it lias been shown that there 
is a progressive nudoination of the chromosomes during prophaso succeeded by a 
splitting of these bodies and followed by donuc leination until the characteristic 
original diffuse resting stage is re&chod As a lesult of these changes the nuclear 
volume becomes doubled It has rocently been shown that not all nuclei need show 
ondo-prophase, endo motaphase, endo-anaphase, and endo-telophase Witkus 
(1945) suggests that there aro three mothods by which a nucleus can become 
ondopolyploid A double reduplication as in Spuiacta (Witkus, 1945), or repeated 
duplication as in the ileum of Cvlex (Grell, 1946a, 6) may take place during the 
rostmg stage According to her, only in the third typo could typical endomitosis 
be observed 

Hetorochromatin and plasmosomes m resting nuclei also act as indioes to the 
extent ot polyploidy in various tissues In Qerris lateralis the odd chromosome in 
the complement of 21 is the X, which is heteropycnotie in the somatio nuclei In 
the diploid cells only one such heteropycnotie X occurs in the restmg nucleus, and 
Geitlor (1937) using these prominent indicators along with nuclear volume estimated 
that some of the giant nuclei in the salivary glands may even be 2048-ploid The 
same organ m different insects, and different tissues in the same insect, may show 
different endopolyploid constitution (Wlute, 1945) 

The remarkable advances in our knowledge of the cytogenotics of Drosophila 
dates from the rediscovery of the polytene chromosomes in the salivary gland cells 
(Heitz and Bauer, 1933, Painter, 1933) The salivary gland chromosomes oocur 
only in Diptera, though thoy are not limited to the salivary glands alone Their 
structure is conceived to be similar to that of uncoiled prophase chromosomes winch 
had repeatedly divided and in which there is no separation of the resulting strands 
The fact that only the haploid number occurs has led to the supposition that the 
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products of division of similar pairs of chromosomes constitute the giant polyteno 
salivanes The homologous threads actually fuse in some casos, while in others 
the} remain in dose apposition 

The endopolyploidy m Biptcra is of a special kind, for unlike in other cases 
there is no increase in tho number of chromosomes by periodic splitting However, 
during tho growth of the salivary gland cells, the chromosomes become thickei and 
thicker 

Though increase in the sue of tho nuclei when taken along with tho number of 
heterochromatic segments and plasmosomos may give one a fair idea of the degree 
of polyploidy, moro increase in size by itself ofteis no such evidence Different 
organs m the rat show different chromosomal and nuclear volumes It has been 
suggested (Biesele, 19446) that though theie appears to bo some correlation botweon 
nuclear and chromosomal volumes, yet, as tho changes in the rat from tissue to tissue 
are gradual and not discontinuous, they cannot bo arranged m a polymenc series as 
conceived by Jacobj (1935) and others, since tho nuclei of different volumes carry 
only the diploid number of plasmosomes, viz b in all tlio cases There appears 
to be a relation between tho cliromosomo volume and total concentration of B 
vitamins — with the exception of inositol— since the adult liver which contains tho 
maximum concentration in comparison with other tissues also shows the highest 
cliromosomo volume (Bioselo, 19446) The relative increase in the chromosome 
volumo from tho foetal to the adult liver is closely paralleled by the increase in tho 
concentration of vitamms also, and it has boon suggested that the former is 
responsible for tho lattei 

It should be pointod out that, while, oven doubling in volume of the nucloi of 
tho liver cells of the rat from the foetal to the adult stage is not followed by a 
doubling of tho plasmosome number (Biesele, 1944a, 6), in mice similar changes are 
accompanied by a doubling of the plasmosomes indicative of polyploidy (Biesele, 
Poyner and Painter, 1942) 

In the adult liver, the occasional metaphases seen may be m those cells which 
have retained their embryomo character, since mitotic divisions are common in 
foetal hvers Is the failure of the cells of the adult hver to divide mitotically tho 
result of their highly endopolyploid constitution 1 Polytene chromosome s become 
evident m cancer cells owing to the inherent impulse m such cells fpr rapid division 
Since partial removal of the hver results in rapid growth (Brues and Marble, 1936) 
and since such a phenomenon is reminiscent of tho condition in malignant tumours, 
several investigators have been interested in the problem Thus, partial removal 
was expected to accelerate mitotic division and bring to light polytene chromosomes 
in tho nuclei, if any While Beams and King (1942) thought that there was an 
increase in the number of polyploid nuclei in such regenerating hvers as a result of 
fusion of mitotio figures m binucleate cells, Biesele (1944a) arrives at the conclusion 
that there is a very close agreement in the proportions of diploid, tetraploid and 
ootoploid metaphases between the control and regenerating hvers 

As suggested before, if fermenting cells are compared to glandular cells, then 
amitosis appears merely to be a prelude to degeneiation There appears to be 
serious possibilities that even m fermenting cultures some yeast cells may remain 
indifferent and divide by mitosis, while the rest of the actively fermenting cells 
may not again be able to revert to active vegetative reproduction. 

Technique 

Under tho circumstances the question arose whether fermenting cells become 
endopolyploid If so, it should bo possible to demonstrate the same by experiments 
planned on the lines of Brues and Marble ( 1 936) a nd Biesele (1944a) J ust as surgical 
removal accelerates mitotio division in the liver, replacement- of the spent wort 
with fresh medium in fermenting cultures produoes the same effect. 
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Therefore, tubes of wort were inoculated with the UfcWwy strain So 9, and 
after the lapse of five days the spent medium was poured out and replaced with the 
same quantity of fresh medium The contents of the tubes were oentnfuged and 
smeared at five-minute intervals commencing from '40 minutes after the addition 
of fresh medium The descriptions are based on Feulgen preparations The 
technique of handling yeasts for cytological investigations has already been described 
elsewhere (Subramamam, 1948) 


Observations 

Forty-five minutes after the addition of fresh wort to the five-day old culture, 
a variety of cytological pictures could bo seen in Feulgen pioparations The vanous 
pictures seen were first drawn and later arranged in a rational series Fig 1 is 
that of a coll showing no Feulgen positive structures and contains a vacuole This, 
however, does not appear to be the nuclear vacuole The nucleus could not be 
made out Two chromosomes are seen in the coll illustrated in Fig 2 and what 
appears to be the anaphase of the diploid in Fig 3 The absonce of a vacuole in 
these cells is not surprising, since cells at identical stages in aerobic cultures do 
not have a vacuole at all A comparison of these stages with similar ones from 
actively dividing cultures shows that the Bhapo and size of the chromosomes are 
slightly different The four chromosomes appear scattered in the cell m Fig 4, 
while m Fig" 5 a leconstituted nucleus and a pair of chromosomes could be seen 
The bud and the mother cell each have two chromosomes in Fig 6 The pair in 
the bud appear in close apposition as a prelude probably to fusion What appears 
to bo the noxt stage is illustrated in Fig 7 where in the bud the chromosomes appear 
to have fused together whdo those in the mother tell still remain discrete The 
above stages which occur only in very small percentages appeal to be those of the 
‘replacement ’ colls It appears highly probable that it is the products of division of 
these cells which become endopolyploid 

Since dying cells appear to be replaced from time to time, the same slide often 
shows an ascending senes of endopolyploid constitution Fig 8 is that of a tetra- 
ploid as evidenced by the reconstituted nucleus and tho four chromosomes Eight 
chromosomes are seen in the budding cell m Fig 9, one ol which is bigger than the 
rest Whether tho increased size is a mero abnormality or whether it is a compound 
chromosome is very difficult to judge In Fig 10, however, the two largei bodies 
ought to be compound ones if we conceive that duplication of chromosomes is by 
a regular division of all the chromosomes Since only six chromosomes are seen in 
the cell, the two larger ones should each bo the product of fusion of two chromosomes 
Mieronuolci formation is fairly common and two reconstituted nuclei and four 
chromosomes, one pair biggei than the other, are seen m Fig 11 Ten Feulgen 
positive bodies of different sizes occur in the cell in Fig 12 ana it appears as if the 
compound chromosomes are separating into their component parts What appear 
m all probabihty to be octoploid cells are fairly common (Figs 13 and 14), if we concede 
that the odd numbers of Feulgen positive bodies seen are due to some of them being 
compound The anaphase stages of these octoploid nuclei are not regular and while 
in Fig 15 a reconstituted nucleus could be seen, m Fig 16 there are seven chromo- 
somes apart fr6m the reconstituted nucleus Apparently the chromosomes are 
not segregated mto equal complements The celt in Fig 17 has a reconstituted 
nucleus and eight chromosomes, one of which is greater in size than the rest It 
appears likely that not all chromosomes, which aro greater in size than tho rest, 
need be compound ones Cells which are 10-ploid are common and the one shown 
in Fig 18 has about 19 chromosomes and a reconstituted nucleus 

In tetraploida there is usually an attempt 'at segregation of the chromosomes 
into equal complements Fusion of four chromosomes may occur before (Fig 10) 
or after a bud begins to develop (Fig 21) and division is often normal (Fig. 20) 
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The picture seen m Fig 22 is slightly baffling There us a reconstituted nucleus 
and twelve chromosomes in the mother cell and two chromosomes m the bud 
Apparently it must be an octoploid All the chromosomes in the mother cell may 
fuse to form one or mme nuclei (Fig 23) leaving only two chromosomes in tho bud 
Is this a method by wlu< h a diploid cell can take its origin from an endopolyploid 
cell? Since there is ‘somatic pairing’ in the diploid, only an identical pair of 
chromosomes could have migrated to the bud There is as yet no method by which 
one could study tho later behaviour of thi sc buds with two t hromosomes 

Segregation of the chromosomes into unequal complements during the anaphase 
is quite general in highly endopolyploid tells (Figs 24, 25, 20, 27, 28 and 29) 
Mioronuelei formation is fairly common in these cells (Figs 27, 29, 30 and 31) The 
larger complement of chromosomes usually remains in the mother cell (Figs 28 
and 29) and gives riRe to one (Fig 28) oi two (Fig ,10) large' pycnotic nut lei and 
one or two micronudoi (Figs 29 and 30) The bi/o of the complement ot chromo- 
somes passing on to the bud may be small (Fig 31) or fairly laige (Fig 32) But 
the staining reactions of thrst cells (Figs 28, 29, 30, 31 and 32) give one the 
impression that they are dying 

Multmueleate cells are of fiequent occurreme (Figs 33, 34 and 35) and these 
have a single well defined vac uole (Figs 33, 34, 35, 45 and 40) The nuclei are of 
different sizes and should be the result of fusion of groups of chromosomes 
Amitotic stages are fairly common Tho nuclei stain brilliantly with the Feulgcn 
stain and may or may not show (Figs 37, 38, 39, 40, 41 and 42) any chromatin 
grains inside The products of amitotic division may be equal (Figs 37, 41 and 42) 
or unequal (Figs 30 and 30) The resulting nuclei may bud smaller nuclei (Fig 38) 
and these usually separate anti appear to move away (Fig 39) Figs 40, 43 and 44 
give one the impression that the nut lens may break up into a number of pieces, 
one of which appears to migrate to the bud (Fig 44) This may even show deeply 
stained bodies (Fig 44) 

It is likely that the above are highly endopolyploid cells whose nuclei are unable 
to resolve themselves into their component chromosomes in spite of the very 
favourable environmental conditions The stimulus nffotded by thi nutriment 
and the availability of dissolved oxygen leads to abortive attempts at division as 
evidenced by the phenomena of anutosis obsei ved 

In the final stages pycnotic nuclei may be observed to persist in the mother 
cells (Figs 45, 40 and 47) as well as in the buds (Fig 47) 


Discussion 

(a) The 'Nuclear Vacuole' of Wager and Pentelon and tie tngwftcance 

From the observations presented above it would be evident that with the 
progress of fermentation, the nucleus of tho yeast cell becomes highly endopolyploid 
In view of the fact that some types of secrotory cells show one o, more vacuoles, a 
consideration of tho significance of the ‘nuclear vacuole’ of Wagei and I’emston 
( 1910 ) is rendered necessary Guilbermond even in 1910 definitely disputed the 
identification on the basis that as tho vatuolo and its contents stain with neutral 
red, it can only be the secrotory vacuole, since the nucleus in healthy cells never 
stains with vital dyes Wager and Pemston (1910) suggest a comparison of 
fermenting yeast cells with glandular cells in ac tive secretion A comparison of the 
cytological behaviour of the fermenting yeast cell with that of the glandular cell 
offers no support for suoh an identification 

The following oycle df changes were described by Wager and Pemston, basing 
their observations on tho reactions for organic phosphorus exhibited by the yeast 
cell during different stages of fermentation In the early stages, when tho ‘nuclear 
vacuole’ was small, the cytoplasm, the ‘ nucleolus ’ and the granules at its periphery 
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show a reaction for phosphorus With the progress of ingjipntation, there is an 
increase in the size of the vacuole At the same time the cytoplasm loses its reaction, 
while, apart from the ‘nucleolus’ and the granules at its periphery, it becomes 
evident in the vaeuolo and the volutin granules also According to them, formation 
of orgamc phosphorus becomes evident some 14 hours after commencement of 
fermentation, reaches a jieak at about 48 hours and is followed by a gradual fall 
The changes m the volume of the ‘nuclear vacuole’ appears to follow a course 
similar to that of orgamc phosphorus The vaeuolo, whnh is small at the com- 
mencement of fermentation, increases m size and with the loss by the cytoplasm of 
its staining affinity shows a network of granules It fills almost the entne cell at 
the height of fermentation and decreasing slowly m sue, occupies but a small space 
ill the cell when these are slowly settling at the end of fermentation 

Now, this synchronisation of the changes m the volume of the vacuole, tho 
increase m the organic phosphorus and tho stages of fermentation are all reminiscent 
of the usual role played by ribonucleic acid m active secretory synthesis It is 
true that in many gland cells the nuclei may become endopolyploid But the increase 
in volume in such cases has been shown to be rhythmic and discontinuous and never 
gradual, and a highly endopolyploid nucleus usually never reverts back to its original 
condition at the end of the secretory cycle Hence, even the possibility that tho 
increase in size of the ‘nuclear vacuole’ may be due to endopolyploidy cannot be 
substantiated on the basis of evidence available m published literature 

Tho ‘nuclear vacuoles’ described by Wager and Poniston (1910) and Janssens 
and Leblanc (1898) do not appear to be homologous On tho basis of the recent 
careful investigations of Subramaniam (1940) it appears that the description of a 
nuclear vacuole with a nucleolus by Janssens (1902) is likely to refcT to a prophase 
stago, when the chromatin mass inside the nucleus is capable of being confused 
with a nucleolus (see pictograplnc summary, Subramaniam, 1940) 

(b) Fermenting CeUs and Glandular Cells 

Fermenting cultures contain very small percentages of cells showing regular 
mitotic phases, similar m essontials to those seen during the aerobic division, the 
significance of which has been lost sight of by previous investigators Richards’ 
work (1932), though bearing on an entirely different problem, offers indirect evidence 
for tho suggestion that as m glands, in fermenting cultures also there may be 
‘replacement’ or embryonic cells which continue to divide normally, and that 
fermenting cells like other gland cells never regam their power of normal vegetative 
division, but that death and disintegration occur sooner or later He found that 
at the end of tho logarithmic growth phase there was an increase in the percentage 
of dead cells as indicated by methylene blue staining His suggestion (1 928) that the 
concentration of alcohol may be the inhibiting factor does not appear very con- 
vincing, for he found no such correlation during the second cycle of growth He 
says ‘During the period of increased rate of growth, the production of alcohol also 
increases As thero is no measurable amount of sugar in the medium this second 
period of increased fermentation probably comes from glycogen stored within the 
cells The greater amount of alcohol must increase the rate of killing of cells, 
although there \s no such direct correlation between the two factors as was found for 
the first cycle of growth ’ Judged on the basis of the cytology of glandular cells, 
increased production of alcohol means increased number of cells fermenting and 
hence the occurrence of increased percentages of killed cells 

Proceeding on the above lines it is difficult to conceive that dying cells are 
merely the larger buds which had not become resistant to the injurious effects of the 
alcohol and other by-products of fermentation 

It was observed that when fresh wort was added to a five-day-old culture, the 
stimulus afforded by the nutriment and the availability of dissolved oxygen leads to 
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abortive attempts at division even by the highly endopolyploid cells In fact, in 
many oases the bud formation is completed, only the buds do not get detached 
from the mother Having an abnormal complement of chromosomes, it was also 
observed that both the products of division show pyenosis and hence eventual 
death It should be realised that even m fermenting cultures the nutriment available 
fluctuates from time to time Every batch of fermenting cells, when they die and 
disintegrate, should temporarily mciease the available nutriment in the medium 
thus affording stimulus to the endopolyploid cells to bud But since there is no 
increase in the availability of dissolved ovygen, the budding is not of normal 
embryonic diploid cells Tt is pcrhapR owing to this reason that one observes an 
increased percentage of huger buds dying in later stuges of fermi ntation 

That even old cultures contain actively dividing cells, comparable to embryonic 
colls of glandular tissues, would be evident from Slator’s (1910) observation that 
unoontaminated wort < ultures show active cells even after several years lhoceeding 
further, it would be admitted that m view of the above consideration, the ‘durable’ 
cells occurring after the lapse' of 900 to 1 ,000 hours are not transformed fermenting 
cells but should have an entirely different origin That they may take their origin 
from the few actively dividing ct 11s ou wring during this period appears likely 
Richards states ‘Budding continues throughout the period, becoming materially 
diminished only after most of the cells have changed into the resistant form The 
numbers and percentages of budding and of stained cells fluctuate in irregular 
cycles of small magnitude, but there is no general cycle other than the gradual 
change of the population into resting colls with a resulting decreased birth .and 
death rate ’ (Page 289 ) 

At first sigh t it may appear that yeast is unique in that it becomes endopoly- 
ploid during fermentation Yet, this does not appear to be so In Ciliatcs, while 
the micronudeus is considered to be generative, the maeronucleus has been supposed 
to subserve a purely physiological function In the same cell, therefore, different 
functions arc controlled by different nuclei Though the structure and behaviour 
of the macronucli us has attracted « onsidcrablo attention, protozoologists do not 
seem to have cared to consider whether it is endopolyploid From an analysis of 
the observations on the behaviour of the macronucleus recorded by other workers, 
Subramamam (1947c) has suggested that it is in all probability endopolyploid and 
has offered a rational explanation as to why there is a need for endonuxis Eudopoly- 
ploidy in the yeast, therefore, does not appear to be an exception to the general ride 
among unicellular organisms 

The usual fate of endopolyploid cells being doath and disintegration aftor varying 
periods of activity, and since in the final stages of fermentation, excepting for a 
negligible percentage, most of the cells should be endopolyploid, the necessity for 
the rejuvenation of cultures after each fermentation would at once betome apparent 
This may explain why continuous fermentation without rejuvenation is almost a 
virtual impossibility 

Summary 


1 The physiology of an aerobically growing cell should bo different from that of 
a fermenting one and henco a comparison of the oytological behaviour of fermenting cells with 
that of glandular colls is attempted 

2 Since secretory cells usually become endopolyploid, a brief review of the literature 
on endopolyploidy is presented 

8 Just as surgical removal of a port accelerates mitotic division in the liver, replacement 
of spent wort with fresh medium in fermonting cultures produces the same effect 

4 Various oytological pictures are seen in preparations of five day old cultures in which 
the spent medium was replaced with fresh wort There are rare clusters of cells showing the 
typical stages seen in the aerobic phase The majority show varying degrees of endopolyploidy 
The segregation of chromosomes during anaphase is mostly irregular, and highly polyploid 
oells show amitosis like phenomena 

" A oareftil analysis of Wager and Veniston’s observations, in the light of recent advances, 
» that their ‘nuclear vacuole ’ is nothing but a secretory vacuole, 
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6 It in suggested that as in glands, in fermenting cultures may be ‘replacement * 

or embryonic oells which continue to divide normally and that fermenting cells, like other 
glandular cells, never regain their power of normal vegetative division but that death and 
disintegration occur sooner or later 

7 Endopolyploidy in the yooet does not appear to be an exoeption to the general rule 
among unicellular organisms sinco the macronucleus of Ciliates appears to be ondopolyploid 

8 The usual fate of endopolyplold cells being death and disintegration, may explain why 
continuous fermentation without rejuvenation is almost a virtual impossibility 
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Description of Illustrations 

I IQ 1 Cell showing a vacuole but no Peulgen positive structures 

Era 2 Metaphase of Diploid 

Via 3 Anaphase of Diploid 

FlO 4 Late Anaphase 

Fig 5 Cell showing a reconstituted nucleus and two chromosomes 

Fiq 0 Budding cell showing a pair of cliromosomos in the mother and bud 

Fiq 7 Reconstituted nucleus in the bud and a pair of chromosomes in the mother cell 

Fiq 8 Totraploid coll showing a reconstituted nucleus and four free cliromosomos 

Fiq 9 Budding coll showing eight Foulgen positive bodios 

FlO 10 Coll showing six Feulgon positivo bodies, two of which aro gi eater in size 
Fiq 11 A cell having two reconstituted nuclei, a pair of big and a pair ot small foulgen 
positive bodies 

Fiq 12 Feulgon positive bodies of differing sites which seem to bo breaking up into their 
component parts 

Figs Id and 14 Cells showing II and 14 Foulgen positivo bodios, soma of whic h ought to bo 
compound c liromosomng 

Bigs 15, 16, 17, 18 and 19 A reconstituted nucleus and differing numbers of chromosomes 
of varying sizes tying free m tlio c ytoplasm 

I I los 20 and 21 Normal division of a tetraploid 

Fiaa 22, 23, 24, 25, 26, 27 and 28 Irregular segregation of cliromosomos in cells of varying 
endopolyploid constitutions 
l 1 iqs 29 and 70 formation of mn ronuc loi 

Fios J1 and 32 Irregular segregation of chromosomes in highly endopolyploid colls 
Flos 33, 34 and 15 Multinuclenr colls 

Fins 36, 37, 38, 39, 40, 41 and 42 Varying types of umitotic division 
Fio 43 Breaking up of highly endopolyploid nuc li i into small r ones 
Fid 14 Irregular distribution of nuc loi between the mother and bud 
Fiqs 46, 46 and 47 Pycnotic nuclei persisting in colls with vacuolos 






ON N q (r) IN THE TARRY -ESCOTT PROBLEM 

By Hanseaj Gupta, Government College, Hoihtarpur 

(Communicate <1 by Dr D S Kothari, F N I ) 

(Received May 13 , read August 8, 1948 ) 

Tho generalised 1 Tarry-Escott problem of degree r- and order q is that of 
finding q different sets A lt A it A t , , A t of t integers each — different m tho 
sense that the members of one sot are not merely permutations of those of another 
set — such that 

(1) a,(4i) = **(/!,)= = = o k (A q ) , * = 1,2,3, , r, 

whore a k (A m ) denotes tho sum of the *th powers of tho members of A m 

Tho loast value of s, for which sots A satisfying (1) exist, is denoted by N q (r) 
The object of this note is to show that 

(2) iV,(r)<?£±Ji+l 

Write t for +1 

Consider all the different sets 1^ of e nonzero positive integers 

(3) a m i, a m *, a„ s, , a m s 
whose sum is n The number of such sots is not less than 2 



because tho sets A m provide all the partitions of w into exactly s non-zero 

summands 

Since 

I/-.' 

we have 

o k (A m )<n\ *>2 

Hence, there are at most 

fl n * = »*+»+«+ +-• = «•-* 

different sequences 

(4) Ojfi,), <r t (A m ), o 3 (A m ), , <J r (A m ) 

For a sufficiently darge »>« o. 
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Hence, there are at least q 


A m ,A mt ,A m> , ,A mi 

which yield tho same sequonce (4) and the result follows readily 
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SOME NON-RAMANUJAN CONGRUENCE PROPERTIES OF THE 
PARTITION FUNCTION 


By D B Laiiiri, Indian Statistical Institute, Calcutta 
(Communicated by Mr S N Roy, M Sc , F N I ) 


(Received December 18, 1947 , read Januurt/ 1, 1948 ) 


While speaking about the arithmetical properties of the partition function, 
Hardy (1940) m his stimulating loctnies on Ramanujan states 

‘Ramanujan was the first, and up to now tho only, mathematician to 
discover any such properties , 

It would be highly interesting therefore for any one to come across any new 
properties I have found throe new ones, namely, 

p(49 m+fc) m 0, (mod 49), k =* 19, 33, 40 


The case k = 47 wes discovered by Ramanujan 

What is remarkable about these three new congruences is that thou possible 
existence, not to speak about their actual establishment, eluded us for such a long 
time, even though their genesis is to bo found m one of the remarkable identities of 
Ramanujan This identity is 


^ p(7m+5)x" 


7 


{/(•*>}* 


UU 7 )} 

{/(*)}* 


where 

Now, 


/(*) = n U-*") 




{/(* 7 )} 3 

{/w } 7 


w) 8 . 




i mod 7), 


by making use of Jacobi’s formula and tho simple fact 


1 1 
{/(*)} 7 */<*V 


(mod 7) 


It follows theiefore from Ramanujan’s identity that 
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Now, it is not difficult to see that poweis of the form ir 7 "* 4 *, t = 2, 4, 5 do not 
occur m 

2 ( — 1 )"( 2» + 1 )* i " t " +1) 

This implies that powers of the same forms do not occur in the product 

7{/(^)}® J (- 1 V , (2r+1)* W ’‘ +1 ’ 


This in turn finally leads us to the fact that the coefficients of powers of the same 
forms in 

2 P(7m+5)** 

are divisible by 49 Thus 

p(4&m+lc) - 0, (mod 49), k = 19, 33, 40 

Ramanujan’s congruence, p(49w -f-47) » 0, (mod 49), is also an immediate con- 
sequence of the fact that although powers of the form r 7 ’" 46 do occur in 

2 (-l)*(2»+l)aJ" ( * +1, ) 

yet m every case the coefficient is a multiplo of 7 

An examination of a table of partitions shows that such congruences of non- 
Ramanujan type do not exist m respect of the moduli 25 and 121 


Reference 

Hardy, G H (1940) Ramanujan, twelve lectures on subjects suggested, by hts life and work, 
Cambridge University Press, p 87 


IB 



THE ANALOGUE OF BLASIUS’ FORMULA IN (SUBSONIC 
COMPRESSIBLE FLOW 

By V R Thiruvenkataohar (N I S Junior Reseat ch Fellow ), Department of 
Mathematics, Central College, Bangalore 

(Communicated by D. D S Kothari.) 


( Received April i , read Apt il 20, 1948 ) 


1 Introduction The object of Bus note is to derive a formula lor the force 
in subsonic compressible flow, which is th< analogue of the veil-known Blasius 
formulae in the incompressible case The derivation is earned out on the basis of 
the hodograph method as recently developed by 0 C Lm 1 It is also shown that 
the familiar Prandtl Glauert rulo * is denvable from the formula 

2 The equations of the hodograph method In the hodograph method, the (p, p) 
relation is approximated by 



If c is the local velocity of sound, 

r* - dp/dp = Bjp t = c 0 V/p*. (2) 

where eg, p 0 are the values of c, p at the stagnation point of the flow The Bei • 
noulh equation then gives 

<*— c 0 B = g s (3) 

c/«o " Polp = V ( 4 ) 
Hmoe an additive constant m p is immateiial, wc choow A ■= ro 2 Poi giving 






-‘•o 8 Pot\/ 1 +? a /< , o 2 - 1 } 


(5) 


When e 0 -> oo, we see fiom (3) and (4) that 

c-*oo 1 c/c 0 -*-l,p/f)o- > - 1 > 

l e p m p 0 , so that the fluid is mcompi ossible Also (fl) gives m this limiting case 
P= -iPo?* 


which is the usual equation for the pressuio in the mcomprebsibli flow Accoidmg 
to Lm, the compressible flow around a closed piofile is constructed as follows 
Given the incompressible flow past a profile P 0 m the C-plane described by the 

oomplex potential F(() and the complex velocity w 0 (Q = — the compressible 
flow past a profile P m the z-plane is represented parametrically by the sot of 
equations • • 

Complex potential « W = <f>+up = ^(0 ^ 


wod) 


dm 


(7) 
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wp(t) 

k(C) 


Hore ge“*® is the complex velocity m the compressible flow and fc({) is to be chosen 
so that it is regular in the legion R 0 outside P 0 , has no root m P 0 and is such that 

j < j l(£)l «» on (10) 


<u » 

tho integration bemg round any contour enclosing P 0 

3 The analogue of Blast its’ formulae Tho force and the moment in two- 
dimensional flow aro given by * 


2 qe'** 

i+Vi+tw 


} = X-tY = t j> pe-^dz 

M ■■ real part of £pt~ il6 z dz**Re £ pe~ i ' e zdz 


Since W is the complex potential in the compiessible flow, 

<lWdi dF(j) 

' dC dz “ dz 


dW dWd{ dF(l)dl , t d{ 
V -~H7=—JFT, 1TT,= **«> f z 


■Substituting in (8) we get 


i+Vi+sw -**(«) A 


dt 


dz 


v'i+*/S?-i- 2 (*g-i) 

*2(*2-0 


From (5) and (15) wo havo 

»--***.(* £-i) 

Usmg (14) and (17) in (12) we get 


7“iVo 


Similarly 


J vHl) 

~W 


di 


M = Re{-\ Po f^zdej; 




( 12 ) 

(13) 

( 14 ) 


(15) • 

(16) 

( 17 ) 

(18) 
(19) 
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The equations (18) and (19) are the analogues m compressible flow of the Blasius 
formulae foi the incompressible case On account of the condition (11) we may 
also write 

7 - -VoVo j> 

or 

7 - -2 f 0 B P« j mwi (20) 


4 Application to airfoil tv uniform stream Pr indtl Olauert formula 
simple air wing in a uniform stu am w take 4 


where 

Assume 


Then 


w 0 (C) = A + + 

A = -Ue ** B = nim 

*(£) — 1 + y + ^1 = ^11 +»^12 

^ « 4«+(24*-M B )/C +<* C-2) 


The condition (11) gives 

4 c 0 8 (*»-’M- ~{{* rV ) ln}e “+(*11+^12)^ 


I oi a 

( 21 ) 


(22) 


Sepaiating leal and unaginaty parts and solving for lc u fcj 9 wo find 


so that 

Then by (20) 


ru sin x 

n " 7r(tf*+4co*) 

rU cos* 
* 1S ~ W (L*+4V) 




7 


Wp 0 ru a 

U*+4co* 


Henoe the lift force L is given by 

£-171 


4 c 0 *p 0 ru 

C/2+4CO* 


Prom (8) we have for | { | 


00 

2 q 

l+Vl+^/co 8 


U 


(2J) 

(24) 

(25) 


or»from (3) 


q x I (oo +<■«,) — Uf2c^ 


(26) 
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If M = q /e B is the free-stream Mach numbei of the compressible flow and if we 
set M — sin /9, then from (3) c 0 c, m cos /3 The equatiot^Jgg) then gives 


2cq ** 1 +co8 p a tan 2 ’ 

whence 

4r 0 */(t 7S +4c o 8 ) - cos* {PJ2) 

Substituting in (26) we find 

L 8=3 porU ios* (0/2) 

— PoC^r sill p [usmg 27] 

r t*>y (4)] 


(27) 


L-pJ'q*. (28) 

Also from (6) we have * 

which shows that the cuculation in the physical piano of the compressible flow is 
the same as that m the hodograph piano, l e /* Thus writing V = r/ for the 
velocity at infinity in the compi essible flow, we obtain 

L ^pJTV, (29) 

whoi o T is tho circulation in the compressible flow 

But it is known 6 that the circulation in the compressible flow is connected 
with the corresponding valuo in the incompressible case by the relation 


Hence 


r Q /J(l-M*) 


L 


M sL 


V(1 -M*) 


(30) 


whioh is the Prandtl-Glauert formula 

I am grateful to Prof B S Madhava Rao foi the interest ho has taken in this 
work and for helpful remarks My thanks are also due to the National Institute 
of Sciences of India for the award of a Research Fellowship under which thiB work 
was carried out 
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the; temperature dependence of paramagnetic 

SUSCEPTIBILITY OF A RELATIVISTIC ELECTRON GAS 
By K S Xingwi,* Delhi University, Delhi 
(Communicated by Di D S Kothai i, F N I ) 

(Hrceimt Frbi ton // >1, mu! Mwch 5, I'llS ) 


Abstract 

The expressions for thn temperature dependence of the poramagnotie susceptibility of n 
relativistic electron gas are derived both for degeneracy and for non degeneracy The non 
relativistic expressions, for both cases, are also given for the sake of completeness 

§1 Introduction 

Tho paramagnetic susceptibility of a degenerate electron gas was first deduced 
by Pauli (1927) from energy considerations, using Fermi Dirac statistic For low 
tempeiatures he obtamed the result which may be put in the form 

x = mu (i) 

whire n is tho electron i onccntration, the maximum electron energy ill the 
i omplotely degenerate state, and B the Bohr magneton Blorli (1929) ga\i , as ,i 
higher approximation at low temperatures, the following expression 

The problem of tho temperature variation of free electron susceptibility, both at 
low and at high temperatures, has been re examined by Stontr (19T>) All thew 
authors have considered a non relativistic electron gas 

Retcntly the present author < 1 948), using the theory of perturbation, has 
given an expression for the paramagnetic susceptibility of a degenerate ehetron 
gas The result is 

X = 2~di Io B ( X +V 1 +**) . < 3 ) 

where the non-dimensional parameter x is given by 



n being the electron concentration and the other symbols havo their usual meaning 
In the non relativistic case, le *<1, (3) reduces to the Pauli expression (1) , 
whereas in the relativistic case, i e x$> 1, (3) reduces to 



* Research Fellow of the National Institute of Soienoeg, India 
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In the completely degenerate case the maximum energy £ 0 of the electron is 
related to x by ^ 

f 0 = »nc*{(I+x*)*-l}, _ (6) 

which reduces to 



in the non relativistic case , and to 

«•-<*(!)*■ < 81 

in the relativistic case 

So far we have not considered, in the relatmstie case, the effect of temperature 
on the paramagnetic susceptibility The aim of the present paper is to derive 
expressions for the temperature variation, both at high and at low temperatures, of 
the paramagnetic susceptibility of a relativistic electron gas The high tempera 
tures and densities necessary for the application of the relativistic formulae do not 
exist m the terrestrial laboratories However, the formulao may find some applica- 
tions in astrophysics Moreover, for the sake of completeness it is worth while to 
derive them 


§2 Paramagnetic susceptibility at low temperatures 

The paramagnetic susceptibility of a relativistio electron gas, as given by 
equation (28) of our previous paper (1948), when account is taken of temperature, 
becomes 

_ e* 4 irg 

X = 4 (2*)» 


(fc 0 W+t»*e*)* i +e '- (lkT ’ 


where Ic^Ji is the momentum of the oloction, « its kinetic energy, g its statistical 
weight, and ( is Gibb’s free energy per particle Since 


(9) reduces to 


where 


Ao*ft*e* ~ «*+2«wc«, 
c s 4 irg I* («+2«»ic») _ * 

X " 4c» (2»)» J J+e *-f/*r 

_ i! ±5. C £i n «*« 

4c»(2w)8J o dm 9W 1+e «-f/*T’ 

</>(*) » log [(«+WC*)+{(. + WtC*)*- wc*}*] 


( 10 ) 


An asymptotic series expansion of the integral in (10), where <^(«) is suffi- 
ciently regular and vanishes for t ■= 0, was first givon by Sommerfeld for the case 

-g^ 1, io the degenerate case, subject to an error of the order of e ^* r In 

the present case ^(0) =• log me* Applying Sommerfeld lemma we have 

f £ ~T :7/ir * " W(«) + 


where e in «• (1 — 2 1-a *){(2»), and {(2 n) being the Riemann-Zeta function. 
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(10) now becomes 

I",- tf+me*)+V«+me«)« -(««»)« 

* 4a(2*)»L*°® me* 

- 2e*(ll7 , )*(f +mc«)(f*+2£»»ie*)« J , <1 1) 

where we retain terms up to (IT)* 

We shall now consider two different caseR 
Case 1 Non-relatmstic degenerate, i e 

dmc* <% 1 , 
and 


kT ^> i 

To the order of approximation we desire (11) becomes 

The senes expansion of £ m terms of x, as given by Kothan and Singh (1942), is 




'kTV (l+2.i*){(H-.c»;*-l} 


Since x << 1 , we have 


r*(l +**)! 

+ terms containing powers of | 

where f 0 is given by (7) 

Substituting (14) m (12) and retaining terms up to we have 

iHssri * 

Case 2 Relativistic degenerate, i e 

w c*H < 1 , 

and 

1 

To the order of approximation we desire (11) now becomes 


x “ Arh i log / 


Since *>1, (13) becomes 


where £ 0 is given by (8), 




(13) 

(14) 


( 17 ) 
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Substituting for f in (16) from (17) and retaining terms up to we have 

which for low tempera tines reduces to (5) 

§3 Paramagnetic sitscfptibiutv at high temperatures 

The dassical ease is chaini tensed 1»> ~ 1 We shall distinguish here two 

fo 

different eases 

Case 1 Non-ielntivistic non degenerate, 1 e 
t/mc* ^ 1 , 


The general expression (9) becomes 

* = f (W)"‘- 


^(2mr*f* 2(-l)" +, e" f/ *' JV*,-**' 
iSLfJLV V ( _ n .+i r<i) 

(2w)*\2mr*/ Z/ ' e 

^ r , e ^ r \ 

'2w) 3 y2mc*/ y o* H* / 


Kothan and Singh (1942) have, for the lion degenerate case, given the follow- 
ing expression for ( 

( = kT [log A 0 + terms containmg higher powers of 4 0 ], (20) 

where, for the non-relativistic case, 


and, for the relativistic case, 


t 4 /to\i t „ 

• sV5W* (o 2~ 

ic, 


be m — for non-relativistic case, 


for relativistic 
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From (20) we have, for the case under consideration, 


= T\7v (w 5 ) | 1 +~T +hl K her P oweI 8 of 

From (19) and (21), and retaining teims contauung (kT) s we have 

¥ . jL t _J__ k t » h- -i- 1 f&V l 

* 2wrA 1 (2wr 2)l IT j 1 2 ; W ( 

Substituting for £ 0 fiorn (7) »c have 

*- s ‘n>i , -5(;)Wl 


e ili,T 


e 2 Relativistic non-degoneiate, l e 

«K> 1. 


The general expression (9) now becomes 


e 8 4 ttp 

r 

i 

<U 

4cfc (2w) 8 

J,, 

(« +>nr«) i +(> «-f/*r ’ 

e* 4 ng 


(_l)«+i 

,*( t kT f 

4cti (2wj® 


J MC . 

e* 4irfif 

V 

(-1)-+' 


* 4rfi (2w)« 

Z 


_ e a 4ir g 
~ 4 cH (2w)» 

2 

(-1)" +1 

e<( + mc ') n /»J 


where y is Euler’s constant = 58 
For the case under consideration 


where ( 0 is given by (8) 

From (23) and (24) we obtain 


me 8 w 8 / m .c*y“ 

W~2\i\kTj ' 


-f terms of the order 


(S)' 


and higher have been neglected 


‘] 


(24) 


-(SyiiAiK'+SfH-B^hS-rO+S)^ 
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D1AMAGN ET I H M OF A RELATIVISTIC ELECTRON GAS 


By K. S Singwi,* Department <>J Physics, Delhi University 
(Communicate cl by Di D S Kothan, F N I ) 

(Received, Feb rum y 24 , lead March 5, 1948 ) 

Abstract 

The diamagnetic susceptibility of u relativistic degenerate' electron gas is deduced from 
energy considerations The results of the piesent straightforward mothod agree with those 
deduced m a rocent paper by tho authoi from the p< rtui bation theory m quantum mechanics 


Introduction 

Bohi (191 1 ) has shown that in classical mi i liamcs a fun election gas will have 
no diamagnetic susceptibility Lvudau (1930) gavo the important result that in 
quantum mechanics a diamagnetic lontubution to the susceptibility should arise 
because of the discreteness of the energy states in a magnetic field Laudau’s 
treatment of the diamagnetic susceptibility is based on e«< tgy considerations and 
holds for a non relativistic electron gas In an oarliu papu (1947) the present 
author has given a relativistic generalisation of Kleins (1945) quantum mechanical 
theoiy of a free electron gas m a tnagm tu held , and using the theory of perturba 
tion expressions foi para- and diamagnetic susceptibilities woio donvod The 
present papei attempts to denvo tho diamagnetic susceptibility of a lelativistic 
electron gas from purely energy considerations, as has lie en done previously, in ttie 
non-relativistic case, by Laudau It is indeed vety satisfactory that tho perturba- 
tion method of tho earlier papei (1948) and the one given here give tho same 
results 

2 Derivation oj characteristic values 

It is unnecessary to donvo the chaiactonstic oneigy values foi a tree electron, 
in the non-relativistic case, in a magnetic held, as this has been dono at length by 
several authors We shall proceed to derive tho characteristic values of the energy 
in the relativistic case 

The Dirac equation, as modified foi the presence of a magnetic field, takes the 
form 

= [(« p—eA)+Pli\’f 1 ' (!) 

where oc and /S are the well-known Duac matrices, p the momentum m energy units, 
A the vector potential of the field, E the total energy of the electror and p ■» me® 
its rest energy 

A field H along tho z axis may be derived from a vector potential of 
components 

A x ** -iBy, A,=*A. = 0 (2) 
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The equation then becomes 

| (a 

Writing (3) in full we have 

(p--E)>fii+(p x +ip t -\-eHy)\ji i +p,4i a = 0 
(P’~fi)<l>i+(P t ,-ip l +eHy)<f, s -p,ifn = 0 
— (p +E)<fi a -\-(p x +ip t +eHy)ifi i +p,<fii — 0 
— {p+E)'l>t+{Pv-'>'P f +eHy)\p 1 -p,<l) t = 0 
where p a , p f and p t are the momentum operators , 

P °=~ tnc ji’ 

Let the solutions be 

1 = 1,2, 3, 4 

Pa an d p. in (5) and in what follows aie ordinary numbeis 
From (4) and (5) we have 

(p-E^+cp.ut+D^ ™ 0, 
(p-E)u a -cp,u t +D z u a = 0, 
cp.Ui-ip+Etyi+DM = 0 , 

— cp,u 2 — (p+E)u t +D a u x = 0, 

where Z> x and D a are 

Di~(-c Pm +ehl+ e H y y 

D t = cp x -c% ~+eHy^j 

Multiplying 6(6) by cp. and 6(a) by (p-E) and adding the two we have 
— { C*p, 8 + (p* — E *) } u t +D a { r.p,u t +(p—E)u l ) =0, 
which on using 6(a) bocomes 

{ (cPaP+ip'-E^+DiDt) u t = 0 

From (7) O i D l is 

& 1 P 1 *“ (c*p a * +e i H 2 y i — 2cHeyp x )~ eHch— c*ft s ~ 
dy 2 

(8) now becomes 

{ ( c P.)*+(^ a -^*)-eHcA+c* »-p.y J« 4 - 0 

It can easily be shown that u t satisfies the equation 

W ~ c*S* | ( cp J t+ (p*~ Et '>+ eHc?i + ct (~ y-p^jY * " 0 


( 3 ) 


( 4 ) 


(«) 


(ба) 

( бб ) 
(6c) 

m 

(7a) 

(76) 


( 8 ) 


( 6 ) 


( 10 ) 
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u% and «i, respectively, satisfy the same equations as do « 4 and «g There are 
thus only two independent solutions of (6) Eqns (9) and (10) differ only in the 
sign of the tonn eHch, winch coi responds to the eneigy of the spin orientation in 
the magnetic field Since wo are interested only in the proper values of the energy 
of the translational motion, we drop the spin energy term in (9) and (10) The two 
equations then leduoe to one single equation 

d*u 

This corresponds to the equation for a harmonic oscillator with equilibrium 
position at 


Ip - { «*.)■+(»**-*•) y-p x J\ U - o (11) 


cp, 

eU 


Puttmg 


-(f). 


dhi 


1 


' [E a -*P. t +H i )-9 t ] « = 0 


1 

3 eHcn 


\E*-(*P.*+p*)\ 


( 12 ) 

(13) 


(14) 

(15) 


The eigenvalues ( 
Therefore 


o given by X = (2n-H), where n is an integei. 


E* » (c*p.s +n*)+(‘*n+l)eHch (10) 

In the non-reiativistie case (10) becomes 

" 7) 

We shall require the numbei of emrgy states for a given value of the quantum 
number n and for a range dp , If A, B, and C be the linear dimensions of the 
container, then v (n), the number of states per unit range, is 

v(n)dp, - jf dp, j dp„ , 

^~ACdp, j dy, using (12), 


V being the volume. 
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It is very important that y must be less than B, in order to avoid the distor- 
tion of the characteristic values by the boundary Out o^all^ the electrons within 

the vessel a fraction of the order of ~ have boundary orbits which olassioally 

hit the wall If £ is sufficiently large, an overwhelming majority of the common 
stationary states will not have their characteristic values appreciably changed by 
the mfluenoe of the boundary The error involved then, as shown by Laudau, 
becomes negligible 
In relativistio mechanics 

A*— p* ™«*+2 ty, 

where « is the kinetic onergy , 

(10) then becomes 

« - {(c*p.*+,r*)+(2n+l) e £fc»}*-p (16) 


3 Diamagnetic susceptibility 

In this section we shall calculate the diamagnetic susceptibility of a degenerate 
eleotron gas The non relativistic case has aheady been treated in detad by 
Stoner (1936) 

The magnetic moment is given by the general formula 

—(£)„■ 

wheie i is the free onergj With Fermi Dirac statistics 
F - iVi+D, 

Q - -kT ^ log (1 + exp (f- t s )/kT ) 

where ( is the lice energy per pat tide 
Substituting (16) in (22) and using (18) we have 

0- -kT g -^ 2 J f log ( 23) 


( 20 ) 

( 21 ) 

( 22 ) 


g beuig the weight factor for the eleotron, and 

a - c*p*+p'I(kT)*, 


ft _ 2 eHcJi 
( kT )*’ 

A-e+dkl 


(24) 

(26) 

( 26 ) 


The summation * is evaluated by using Euler’s formula, which gives 
2 (l+e^~(“+W' , +l)j") ■ I* log (l +e- 4_ (*+^ B )*)dr: 


2 




x(tx+/jx)-idx _ £_ a-1 

o l +e («+^)‘^ 48 i +e «‘-A 


(27) 
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Denote the integral on the right by I, and let 
OL+flx ■> <*, 


Putting l at y+ct l we have 
1 


Since m the relativistic 


where we have put 


2 f* (fl-oi)dt 
P J \+e?~ A 

f yt<iy r ydy 

J 0 P J 0 l + eV+“ } - A 

ct‘ = cpJkT t 
and A <=» i/lcT ) 

m 2 r y* d y . 4z r ydy 

P J o 1 + e y-i*-*) + P J o 1 +ev-('>-*) ’ 


cpJhT — z) 
and t/kT = 


F*(V) 


J o l+eV-*> 


we can then easily show that 


~F.( V ) = nF^r,) 


For tj >> 1 , i e (degenerate case) 




(see Stoner (1935)) 

(30) on using (32) becomes 


Let 

where 




ck* cp 


^ J F 2 (i,-z)rfz+2 J ^V»,-2)dzJ , 


(28) 

(29) 

(30) 

(31) 


(32) 

(33) 

(34) 


( 37 ) 
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In (37) we have not yet taken the relativistic approximation, we shall do so in the 
end 

To evaluate the integrals in A] , let 


ki(V) -S%) 


J zF 1 {t l ~s)dz= - j Oi-n')*W)« 


Substituting these values Oj becomes 


8 /try Fetf , . 

8 \ch) 


ii substituting tin value of )9 from (26), becomes 




Putting (c x j/,^+/i s ) = t*, and using (25) becomes 

„ 1 Ve t H t r <11 1 

2 " « 2wA J i +e «-)i)-f/*7’ 


= 1 f i _ 

H 2wcA rf < 9 i j 


wllClO ^(<) = log (<-f (t 2 — jU*)*) 
Put 1—/L = 2 , then 


n l Fe 2 £f* f* d 
Wl "« 2weA dz* {!>) ] 
J o 


*(*) - log [(fi+z) + {(*+M) 8 -H*}‘] 

The integral in (41) can be evaluated by using Hommerfeld Lemma | 


- {<Hi)-m+Zc 2 WW’tf)+ 
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n _ 1 Ve * Et S (i +™c 4 ) + { tf +mc*)«-(mc*)*}* 

"* a ~2^h r 8 wc* 

- 2 c,(JfcT)*(f +mc*)(£* + 2 fmc*) l j 
For the relativistic case wo have 


(43) 


Hence wo have 

a =» 




The magnetic moment is 


dQ 

"M' 


3 'Inch \ 


log ^ ,,_2c s 


(45) 


The number of particles N is given by 

v 1 dQ 
N " IT Sr, 


m y (^) +other terms which wo may negloct, 


- Bv (*£)Vf,(„). usmg (33), 


(4b) 

The maximum energy £ 0 of a particle in the completely degenerate state is given by 
f 0 “tnc*[(l+a:*) l -l], (47) 

(see Kothari and Singh (1942)), 

whero Xmm rnc\^v) 

In the relativistio oase /me* 1 , i e a: very large, 

1 cW 3 ’ 


(48) 




( 49 ) 
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From (46) and (49) we have 


"“( 1+ ? + ) ' 
-*(■-$ 

The susceptibility is given by 

M I e*F /. -ikT id\ 
Xl > ** H = 3 'Inch ( log me* v ) ’ 

which on using (49) and (5<>) becomes 

/cchyN i, 2kT (. w* \ 2, 

X «” \4ny ^ | °® me* 1,0 \ 3 % *J Vi 

/echyNi. 2f 0 n*/lcTy> 

-(i;)5«| b8 s-i(5)| 


(50) 


(51) 


For T = 0, (51) reduces to the expression* deduced earlier (1948) by the 
method of perturbation It is, therefore, very gratifying that the two methods 
which are so different give identical results 


4 Dumagnetic susceptibility (non-iekUtvisltc case) 
For the case under consideration, i e 
me*. 

7 

(42) becomes 

1 eW'V 2‘f* 


= 6 Inch (wcS)* 


> 1 , 

i -'.(«■)■ 2 -ji} 


The susceptibility is given by 
X D 


(see Stonor (1935)). 


±dQ 
~ HdH’ 
j_90 2 
~ HdH ' 

- 

h * /3N\' 

™ ~ 2m \SnV) ’ 


(52) 


(63) 

(64) 

( 66 ) 


* Actually formula (32) of the previous paper gives the paramagnetic susceptibility The 

diamagnetic susceptibility can at onoe be calculated from (24), and will come out to be — $ the 
paramagnetic susceptibility 
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Using (64) and (65), (63) becomes 


-SGDT 


»-(£;) 
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A CONTRIBUTION TO THE EMBRYOLOGY OP WAHLRNBERQIA 
GRACILIS Schrad 

By K Subramanyam, Dept of Botany, Central College, Bangalore 
(Communicated by Prof P Maheshw ai 1 ) 

(Received March 10, lead April 20, 1948) 

Introduction 

The genus Wahlenbergia is a member of the family Campanulaceao, placed by 
Engler and Prantl (1897) in the tribe Pampanuloideae, subtnbe Wahlonborgmeae 
The only previous work on the embryology of this genus is by Rosen (1932) who 
has described the mode of endosperm foi mutton in an unnamed species and reported 
it to be of the Codonopns type 

Materials and Methods 

The only species of this genus in South Tndia is Wahlenheigm gracilis Schrad 
Tt is an erect perennial herb with linear loaves and blue flowers on long pedicels 
The fruit is a loculicidally dehiscing capsule with persistent calyx tooth The 
material was colloctod at Ootacamund at a height of about 6,800 ft It was fixed in 
formalin acetic-alcohol and at the 70% alcohol stagi the mature ovarii s were 
tieated with Carnoy’s fluid for half an houi .Subsequent tieatment was carried 
out according to i ustomary methods and s< < turns were cut at a thieknt ss of 10~20p 
.Staining was done m Houlonhain’s iron-alum liaemutoxylin with <nsm as <ount(t 
stain 

Miorosporoqenfsis and malf oamftophytk 

The wall of the young anther is made up of three layers in addition to the tape- 
turn (Fig 1) Of these, the outermost is the epidermis, next wo have the endo- 
thoeium w'hich acquires fibrous thickenings at a later stage, the third is the middle 
layer which remains undivided and disorganises when the anther is mature The 
tapetal cells are at first uninuoleato but soon become lnnueleate and at the same 
time tho oytoplasm becomes vacuolate 

The microspore mother cells undergo the usual i eduction divisions and form 
the mierospores which are arranged tetrahedrally Quadripamtion of the micro 
spore mother cell takes place by cleavage furrows 

The mature pollen gram is tnnucleate, with a prominent tube nucleus and two 
small male nuclei (Fig 2) The exme is in the form of a haid thick wall showing a 
reticulate pattern on the surface and beset with minute spinescent projer tions Tho 
mtme appears as a thin delicate membrane There are four germ por< s situated 
on slightly elevated portions of the exine (Fig 3) 

Megasporangium and the female gametophyte 

The tricarpellary, tnlocular, inferior ovary has an indefinite number of ovules 
borne on axile placentae The ovules arc anatropous and unitegnuc A single 
hypodermal archesponal oell becomes differentiated in the nucollus (Fig 4) and is 
followed by the appearance of the integument (Fig 5) The archesponal cell is 
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overarohed by tho nuccllar epidermis and functions directly as the megaspore 
mother cell (Fig (1) After the usual reduction divisions a linear tetrad of mega- 
spores is formed (Figs 7 and 8) Occasionally a T-shaped tetrad may be found 
(Fig 9) as in Cephnlo^tigma Schimpen (Kausik and Subramanyam, 1947) and some- 
times the upper dyad cell divides by an oblique wall (Fig 10) As a rule, tho upper 
three megaspores dogonorate and the lower enlarges further (Fig 8) It undergoes 
three divisions and produces the mature embryo sac (Figs 12 and 13) which is there 
fore of the monosporie eight nucleate type Rarel\, tho third megaspore may 
enlarge (Fig 11), a feature also recorded foi Lobehn trwbitn, a member of the allied 
family Lobeliaceao (KauHik and Xubramanjam, 19456) 

At about the two nucleate embiyo sac stage the cells of tho micellar epidermis 
are destroyed, excepting a few tow aids the sides At the four nucleate stage even 
these arc destroyed so that the embryo sac lies m dueet contact with the inner 
epidermis of the integument which becomes differentiated as the integumentary 
tapetum The latter shows its maximum development wden the embryo sac is 
fully formed and is toady for fertilisation (Fig 15) 

Tho fully organised embryo sac (Fig 15) is long and tapeung at both ends 
Tho synergids are elongated and have pointed apices They also show the charac- 
teristic hooks (Fig 16) already leported for CephnhMujmn Sehimpert (Kausik and 
Subramanyam, 1947a) The pear-shaped egg is situated between the two synergids 
and shows a conspicuous nucleus at tho base The two polar nuclei meot just 
above the centre of the embryo sac and fuse to form the secondary nucleus The 
antipodals are organised as definite cells Sometimes the antipodal cells are 
differentiated before the egg apparatus (Fig 14) Such a feature has also been re- 
ported in Isotoma Umgiflom (Kausik and Subramanyam, 1945a), a member ol the 
Lobehaceae The antipodals degenerate at the time of fertilisation and are then 
seen as darkly stained masses This is in general accordance with the condition in 
the Lobehaceae and Campanulaceae (Kausik and Subramanyam, 1945a, b and 
1946a, 6) except that there is a slightly oarlior degeneration of tho antipodals m 
Wahlenbergia 

The pollen tube destroys one of the synergids during its entry into the embryo 
sac, but sometimes both the synergids may remain intact Douhle fertilisation has 
been observed (Fig 17) 

Endosperm 

Endosperm development is of the ub milw cellular type Tho first division 
of the primary endosperm nucleus is followed by the laying clown of a transverse 
wall (Fig 18) to give rise to a smaU primary micropylar and a large primary ohalazal 
ohamber Next, a vertical wall is formed first in tho miciopylar (Fig 19) and then 
in the ohalazal chamber (Fig 20), thus resulting m a four-celled stage A transverse 
division now follows in tho lower pan of cells (Fig 21) and immediately afterwards 
in the upper pair (Fig 21), resulting in the formation of foui tiers of paired cells 
The two cells of the first tier form the micropylar haustonum and those of the lower 
tier give rise to the ohalazal haustorium after undergoing one (Fig 22) or perhaps 
two tr ans verse divisions (Fig 23 ) Tho remaining tiers of oells w Inch he betw oen the 
haustona undergo further longitudinal and transverse divisions and give rise to the 
endosperm Thus the sequence of wall formation, schematically rouresentod in 
Fig 24, olosely corresponds with that in the Codonupm s typo found in othor members 
of Campanulaoeae (RoscSn, 1932, and Kausik and Subramanyam, 1947a) 

The micropylar haustonum is two celled (Fig 25), each cell forming a prominont 
lateral hump or bulge and containing a conspicuous nucleus and a dense mass of 

« >sm Lying in the midst of a rich nutritive tissue belonging to the integument, 
ustonum remains active for a long time Tho activity of the ohalazal haus- 
tonum, which is also two-oelled (Fig 26), stops at an earher stage In a mature 
seed it is seen as a darkly stained compressed structure lying m a mass of collapsed 
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oolls The endosperm fills the entire seed cavity (Pig 27) and all its oells, exoept 
those in the neighbourhood of the developing embryo, corilStaw large quantities of 
starch The embryo with its slender suspensor, which now appears to be quite 
shrivelled up, lies deeply buried in the mass of endosperm tissue 


Seed-coat 

In the mature seed (Pig 27) the outer epidermis of the integument becomes 
thickened and forms a hard and rigid protective covering Tts cells are elongated 
along the longitudinal axis of the seed (Pig 28) and ou mg to the conspicuous thicken- 
ing of the inner tangential and the radial walls the oavity of each cell is reduced to a 
narrow space (ef Lobelta trigona studied by Kauaik, 1(135) Each oell is in com- 
munication with its neighbouimg colls by means of canals which traverse the entire 
thickness of the cell wall (Figs 29 and 30) The canals are long and narrow and 
branch towards the outer as well as the inner sides of the cells In a transverse 
section at the region of these canals the cell cavity appears m the form of the letter 
‘T’ (Fig 31) 

Embryo 

The development of the ombryo closely follows that described by SouAges 
(1936, 1938) and Kausik and Subramanyam (1947a) for other members of Cam- 
panulaceae, and Crete (1938), Hewitt (1939) and Kausik and Subramanyam (1945 
and 19476) for some members of tho Lobeliaeeae Stages m development are 
prosentod m Figs 32-01 Tho embryogeny corresponds to the Solanad type of 
Johansen (1945) A case of polyembryony was met with m the present form and this 
has been separately described (Subramanyam, 1947) 


Summary 

Tho wall of tho anther is made up of throe layers, external to the tapotum Tho ta petal 
cells become binucleate The endothouuin is fibrous The pollen grams are tnnuoleate at the 
time of shedding The ezine is very finely spinesoent and there are four germ pores 

The ovary is inferior and tnlooular with an indefinite number of anatropous unitegmic 
ovules borne on an axde placonta The innermost layer of the integument forms an integu 
mentary tapotum Megasporogenesis proceeds normally and the embryo sac is of the monospono 
eight nucleate type The synorgids are very long and show characteristic hook-like projections 
The antipodal cells are ephemeral Double fertilisation ocours 

Endosperm is of the ab inUto cellular type and follows the Godonoptis type (Rosin, 1932) 
The endosperm develops haustona at the micropylar and chalazal ends The mioropylar 
haustonum is made up of two uninucleate oells and appears to be more aggressive than the 
chalazal endosperm haustonum which is also two celled and uninuoleate 

Development of the embryo follows the Solanad type (Johansen, 1946) as seen in Other 
members of Campanulaceae and Lobeliaeeae 

The mature seed contains a large mass of endosperm The seed-coat consists of a single 
layer of cells whose outer walls become thickened. 
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Explanation to Figures 

WtMenbergta gracUts Sclirad (Figs 1 to 18 ) 

1 Portion of u transverse section of a young anther showing wall layers, burnt lento topetum 

and micros pore mother cells x 485 

2 Three nucleate pollen gram X 485 

3 Pollen gram m surface view showing four germ pores < 486 

4 Young micellar pnmordiura and the arohospormm x 291 

6 Megaspore mother oell and the integument initials X 291 
6, Anatropous ovule showing megaspore mother coll X291 

7 Megaspore mother cell in division x679 

8, Linear tetrad of megaspores , the c lialazal < ell enlarging <879 
9 T shaped tetrad of megasporoe X079 

19 Megaspore tetrad with oblique wall in tho upper dyad coll a 679 
1 1 T shaped tetrad in which the third megaspore shows signs oi enlargomi nt X 879 
12. Two nucleate embryo sac showing division of nuclei , 430 

13 Formation of the eight-nucleate embryo sao X485 

14 An young eight nucleate embryo sac showing tho early differential ton ol Hie antipodal*, 

before the organisation of the egg apparatus lias boon completed x 485 

15 Mature embryo sao showing egg apparatus, the degenerating antipod \1 tells, and the two 

polars in cloee juxtaposition x485 

16 Upper port of the embryo aao showing the elongated hooked synergids and the egg toll 

X879 

17 A stage in double fertilisation, showing remnants of tho pollen tube X485 

18 Primary endosperm nucleus in division x485 


WahUnbergta gracUts Sohrad (Figs 19 to 31 ) 

19 to 23. Stages In the development of the endosperm and the differentiation of tho mioropylar 
and chalasal hailstorm x485 each 

24 Diagram showing sequence of wall formation in endosperm 

25 Two celled mioropylar haustorium in advanced stage X 485 
26. Two oelled ohalasal haustonum in advanced stage. X486 
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27 Longitudinal section of a mature seed, showing the embryo with collapsed suspensor, the 

persisting micropylar liaustonum, the almost collapsed thakzal haustorium, and the 
thick-walled seed coat X 291 ' n - x 

28 Surface view of the epidermal tells of the seed coat allowing thiokenmgs x486 

29 The same under a separate focus x 485 

30 The oanals connecting tho adjacent cells, X 970 

31 Epidermal cells of the seod coat in transverse section. x485 


WMenbtrgta gractfu Sohrad (Figs. 32 to 61 ) 

82-61 Stages in the development of the embryo The primary segmentation walls are 
indicated by thicker lines X291 each 

co — Apical cell of the two celled proembryo , cb — Basal coll of the two celled proembryo > 
m and ct — Cells donved from tho basal coll cb , d and / — Cells derived from the tell m , 
n and n' — Cells derived from tho cell c» , 1 — Superior cell denvod from the apical cell co, 
from which tho cotyledons are later differentiated , l ' — Inferior cell domed from tho 
apical cell ca , a and (3 — Cells formod in tho superior octant , ph and h — Cells denvod 
from l', from which part of tho hypoeotyl is formed , ha and hb — Cells produced from It , 
160 — Initials of radicle , too' — Initials of tho stolo , he and hd — Cells produced from hb , 
d or d ? — Coll or colls producod from ono of tho colls of the suspensor , de — Derma togon , 
pe — Periblem, pi — Plerome 



NOTES ON SOME ULOTRICHALES FROM NORTHERN INDIA 


By M S Randhawa, M Sr , I V ti , Deputy Commissioner, Delhi 
(Received January 26 , read Match 5, 1948 ) 

Membeis of the order Ulotnchales have comparatively diawn very little atten- 
tion from the algologists m Northern India In 1920 Ghose dc seabed a new species 
of Uronema from India, U tndicum In 1920 Nellie Caitcr ri corded thus species 
of Ulothnx, U zonata, U nibtilis and U acqualis from different localities in India 
In 1930 the present author described Cylindrocapsa oedenjonioidei, a new species 
from the Punjab, and in 1939 Microspora indica and Cylttidrocapsa scytoiiemoides, 
both now species from Fyzubad In 1940 Iyengai and Kanthamma doscubed 
Hormidielhi paivula gen et sp nov , and in 1941 Heterothrxchopsis viudts gen 
otsp nov 

It is a remaikable fact that Ulothrlx which is so common m the Punjab 
is practically absent from Oudh During the collection of algae in the districts of 
Fyzabad, Gonda, Buhraieh, Lucknow, Paitabgarh, Rai Bareli, and Allahabad the 
present author did not socuio oven a single sample, though those districts aie very 
rich m Zygnomalos, which flourish in the jhils and sluggish streams of Oudh The 
absence of Ulothrlx fiom Oudh was also confirmed by making enquiries from Botany 
teachers of vauous colleges at Fyzabad and Allahabad Out of the six species of 
Ulothrlx collected by the present writer, three were collected from the Punjab, one 
from a sulphur spring in Kashmir, one trom a dripping lock noai Almoia in Kumaon 
Himalayas, and one from the river J umna in Agra district Fi om these data one m ay 
safely conclude that spe eics of Ulothrlx flourish in the comparatively colder regions 
of North India The related genus Schizomeris, which is recorded from India foi 
tho first time, shows a similar distribution, and its two samples wore collected fiom 
Kashmn and tho Punjab Prasiola with its smgle lccorded species P flu mat il is 
flourishes only in cold alpine torrents of Kashmir and Kumaon and has not been 
collected horn the plains 

In addition to tho above-mentioned members of Ulotnchales, two otlioi lemaik 
able species woio collected fiom the Himalayas Bmuclearia tatrana, which, so fai 
as the piosent authoi is aware, has not been reported from India up to now, was 
collected from a bog neai Dhakun, at an altitude of 8, GW feet m Kumaon 

Only Gem indla and Microspora fiounsh in the warm districts of the United 
Provinces Guiuneltu is represented by a sob tary species (J mterrupta Turp , which 
was collected from a fresh viator stream near Meja in Allahabad district Micro- 
spora is lopiosontod by M indica Randli with its bright green flocculent masses with 
spots of red 'Jins is found in most of the jhils of Oudh, and was originally collected 
from a jhil in Fyzabad 

Enteromorpha intestmalis was also colleoted from Agra distnet glowing luxu- 
iiantly in Chambal river A similar form was also collected by R N Tandan in 
Apul 1937 from Jumna river near Allahabad 

From the above account it is evident that members of the eider Ulotnchales 
flourish in the cold fresh-water rivulets and torrential streams of the Himalayas, 
are comparatively w ell represented in the submontane districts of the Punjab, and 
are lather rare in the warmer distnots of Oudh, whose sluggish streams and jhUs 
are choked with various members of the Zygnemales, for whose growth and repro- 
duction ideal conditions are found in Oudh 
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Systematic enumeration of the species observed 
1 ULOTRICHALE^ 

(1) Udotriohaobab 
Ulothrix Kutz 

1 Ulothnx subtilissima Rabenhorst Krypt Mora V and Heeiing Susswasser flora 
6, 1914, p 31 

Cells 4 5 p broad and 8-12p long Chloioplast with a single small pyrenoid in 
the middle 



Fros 1-6 Species of Ulothnx 
Fig 1 U aubttltsstma Rub 
Fig 2 U tennenma Kutz 
Fig 3 U otcUlanna Kutz 
Fig 4 V tennuiwtma Kutz 
Fig 6 U zonata Kutz 


Habit — Found epiphytic on a species of Lynybya, growing at the sides of a 
water reservoir at Lahore m December 1929 Also collected from dripping rocks 
on Almora-Somoshwar road on 5th August, 1939 

2 Ulothnx tenmnwa Kutzmg Heermg Sttsswasser-flora 0, 1914, p 32 
Colls 7-1 Op broad, 5-12p long Chloroplast bears a single pyrenoid 

Habit — Found attached to the sides of a water-trough at Lahore in December 
1929 Also collected free-floating in Jumna river at Bateshwar, district Agra, ui 
January 1941 

3 Ulothnx tennuisstma Kiitzmg Heering Susswasser-flora 0, 1914, p. 32. 

Cells 15-l8p broad and 12-27p long Chloroplast usually with two pyrenoids 
Habit — Collected from a sulphur spring at Anantnag, Kashmir, on 23rd August, 
1941. 
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4 Ulothnx osetfloMMa Ktitzmg Hoonng Stisswasser-flora 6, 1914, p 32 

Cells 8-10/a broad and 4-6/a long Chloroplast with 2-3 small pyrenoids Cell 
wall very thin 

Habit — Found embedded in a mucilaginous stratum, forming a dark blue-green 
covering on brickwork at tho sides of a water tap, mixed w ith desmids at Jullundur 
City railway station in August 1929 

5 ZJtothrix zornta Kutzmg Heenng Kfisswasser flora 6, 1914, p 35 

Cells 14-3fiu broad and 8-14/a long Each chloroplast bearing 1-3 pyrenoids 
Cell wall thick, lamollated 

Habit — Found attached to twigs in a dark green mass, in a puddle near a well 
at village Bodal, district Hoshiarpur, Punjab, in August 1929 Also collected from 
a sulphur spring at Anantnag, Kashmir, on 23rd August, 1941 

Hormldium Klebs 

1 Hormtdium flacctdum. A Br Jurrm typioa Heenng Susswasscr flora fi, p 45 

Cells are rectangular or squarish, 6-9/a broad and 7-15/a long, and joined into 
stable filaments Each oell contains a single chloroplast in the form of a half girdle, 
each bearing a single conspicuous pyrenonl (Fig 6) The protoplast show s homo- 
geneous contents Some of the filaments contain many empty cells, possibly on 
account of tho escape of swarmeis (Fig 7) The filaments do not have any spe- 
cialised rhizoids 

Filaments on dried soil become palo yellowish in colour, and cell walls become 
considerably thickened (Fig 7) A common mode of perennation in this alga is by 
means of alunetes, w hich are liberated by the decay of the outer wall (Fig 8) 

Habit — Collected by the author from clayey soil at Bmsar and Gananath, 
Almora, from an altitude of 6,000-7,000 feet above sea-level in September 1939, 
after the rams This alga has a great affinity for clayey soil anil was especially 
abundant on the bridle path near Gananath forest bungalow, covering a lug area 
When the soil dries up, the filaments become pale yellowish green Also collected 
from Bisaran, near Pahlgam, Kashmir, on 30th July, 194], growing on clayey sod, 
and from village Nain in Rai Baroli district, U P , in January 1943 

Schlzomeris Kutnng 

1 Schizomerte Liebhemi Fntsch and Rich Trans Roy Soc S Afnca, \ol xi, 
p 317 

Filaments 1-2 cm long, attached to tho substratum by a basal hyahne oell 
(Fig 9) Filaments umsenate in the lower end, resembling Vlathnx zomta, and 
higher up become separate and multisemte on account of cell division Neptation 
is irregular (Figs 11-13) Filaments are 30-60/a broad w ith a thick enclosing hyaline 
sheath, 3/a broad 

Filaments are constrioted at irrogular intervals, as a prelude to fragmentation 
(fig 12) which appears to he a oommon mode of vegetative propagation in tins alga 
Chloroplasts are collar shaped bearing two or more pyrenoids as in Ulotktu zomta, 
in the lower parts of filaments 

Apices of some of the thalli showed loose masses of cells with more or less 
complete breakdown of cross-septa and side walls (Fig 15) This stage possibly 
represents an early stage xn zoospore formation, and the Ioobc cells are very likely 
immature zoospores This mode of zoospore formation from the apex of the thallus 
is rather unique, and show's that Schizomens is a distinct form resembling Vlothnx 
only in the struoture of the chloroplasts, and differing widely from the latter m the 
mode of liberation of zoospores, which m Uhthnx escape laterally This apioal 
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mode of zoospore-liberation is the necessary consequence of a solid multicellular 
thallus formation and thick enclosing cell wall 

This form resembles 8 trregulans described by Fritseh and Rich from South 
Africa m the irregular septation of thalli In size it is much bigger than the African 
form, the maximum width of whose filaments is givon as 37 p 

Habit — This alga was collected in August 1929 growing on stems of water- 
plants in a tank at Bodal, district Hoshiarpur, Punjab A broader form of this alga 
was collected from a waterfall of Yerinag Spring, Kashmir, the source of Jhelum 
river, on 22nd August, 1941 

Enteromorpha (Link ) Harvey 

1 Enteromorpha inlestinahs (L ) Creville Heenng SUsswasser-flora 6, p 27 

Thallus tubular, sparsely branched, branches irregular, not constricted at the 
base Fronds intestinc-liko, inflated, free-floating, mature ones flattened at tho 
top Younger thalli 180^ to 1 mm in diameter, thread-like in appearance, mature 
ones 1 2 cm broad and 12-15 cm long (Fig 16) 

In younger thalli, cells are rectangular to polygonal in outline, arranged in regulai 
row s 9-1 op broad ami 21-40p long Each cell contains a single chloroplast bearing 
a conspicuous pyrenoid In older thalli, cells aie polygonal in outline and irregu- 
larly arranged and are 15-lbp in diameter 

Habit — Collected by the author from Ohambal river below Pinahat in Agra 
district from January to June 1941 Young plants are found free floating in June, 
and those collected in January were mostly mature plants 

Geminella Tmpin 

1 Oemtnella mterrupta Turpin Heenng Susswasstr flora 6, 1914, p 41 

Filaments enclosed by a gelatinous transparent sheath, which stains deep blue 
with Nile blue, and is only visible when stained Cells usually in pairs, oval, each 
containing a laminate chloroplast, with 1*2 pyrenoids (Fig 17 ) 

Filaments inclusive of shoath 15-30p broad Fells 6 7p broad and 9-12/a long 
Habit — Collected from a sluggish fresh- water stream near Meja distnct, Allaha- 
bad, on 15th March, 1940 

Binuclearia Wittrock 

1 Binuclearia tatrana Wittrook Hoonng Silsswasser flora 6, 1914, p 39 

Cells cyhndncal, 0-1 Op broad, 15-30p long, oval m shape, sometimes appearing 
grouped in pairs End walls filled with mucilage which is deposited in layers 
There is a distinct bulging opposite tho septa, which appear biconcavo m shape 
(Fig 18) 

The chloroplasts show a conspicuous pyrenoid Describing the chloroplast 
of this genus Smith writes, ‘The protoplast of a Binuclearia coll has a single laminate 
chloroplast without a pyrenoid, that completely enurcles tho cell’ Fritseh also 
observes that ‘a pyrenoid is not readily distinguishable’ On the contrary, in this 
Himalayan form, the solitary pyrenoid in each protoplast is very conspicuous 

Habit — Collected from a marshy piece of land near the D B bungalow at 
Dhakuri, on the Pindan glacier route m Almora district in the Himalayas, at an 
altitude of 8,509 feet on lbth September, 1939 

Prasiola Meneghim 

1 Prasiola fluviahlis (Spmmerf) Aresohoug Heoring Susswasser-flora-G, 1914, 
p 59. 

Thalli lanceolate, or irregular m outline, attached to stones by a thuokened 
stipe, which may be slightly funnel-Bhaped at the base in some cases Thalli 3-16 
cm long and 2-3 cm broad, and m some cases may be 8-10 om broad (Fig 19) 
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Cells are grouped m quartettes, 5-6/* in diameter, eaoh with a single, central, 
more or less stellate chloroplast, bearing a solitary pyrenoid (Fig 20) 

This alga resembles the type in most respects, though ttM* of the thalli are 
longer and broader than the biggest so far recorded 

Habit — Collected by the author from a torrential stream above Diwali, on the 
Pindari glacier route in the Himalayas, Almora district, in September 1939 Also 
collected by the author from Liddar and Sheshnag rivers near Pahlgam, Kashmir, 
in August 1941 , grows luxuriantly in 100 cold -water m Himalayan torrential streams 
attached to stones 

Mlcrospora Thuret 
1 Miaovporct indica Randhawa 

Vegetative cells 18-2Jp broad and 21-36/1 long Coll wall conspicuously 
lamellated, composed of H shaped overlapping halves (Fig 21) Chloroplast parietal 
with cushion like outgrowths at the sides Vegetative propagation by akinetes 

Habit — Found free floating in a jhtl near village Pachham Sareera, Tahsil 
Manjhanpore, district Allahabad, in February 1940 


Summary 

The following twelve species of Ulotncliales have boon collected from Northern India — 
Ulothrtx subtihamnui Rabenhorot (Punjab, Kumaon), U ttnnenma Kutzmg (Lahore, 
Agra), V tennuumima Kutzmg (Kaslimir), U osallanna Kutzing (Punjab), U zonata 
Kutzmg (Punjab, Kaslimir), Hormtdtutn flacctdum A Br (Kumaon, Kashmir), bcfnzomertt 
Ltebltenn Fritsdi and Rich (Punjab, Kashmir), Enteromorpha intestinal** (L) Creville (Agra), 
Genvmella iriterrupUi Turpin (Allahabad), Binuclearm In tram Wittrock (Kumaon), Praswla 
fluvialtlts (Sommerf) Areschong (Kumaon, Kashmir), and Mtcrospora t ndtea Randhnwa 
(Allahabad) 
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Explanation of Plates 

Flos 0-8 Hormtdxum flacctdum A Br jorma typiea Hooring (For explanation st* text ) 
lio 15 Schtzomerxs Etebhenn Fritsch and Rich For further explanation see text 
Flo lb Enteromorpha inteetmahs (L ) Grevillo shows different types of thalli 
Flo 17 -GemtneUa wterrupta Turpin shows a filament 
Flo 18 thnnclearui tatrana Wittrock 
Flos 19 20 Prwnola fluvtatxlu) (Somerf ) Areschong 
Fig 19 shows different tjyes of thalli 
Fig 20 Arrangement of cells in the thallus 
Fxo 21 Mteroapora xndtea Kandhawa shows structure Of cell wall and chloroplasts 
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ON SOME ARCHIANNELIDS OF THE KRUSADAI ISLAND * 

By K H Alikunhi, M Sc , Freshwater Biological Research Slatum, 
Government Fisheries, Madras 

(Communicated by Prot R Gopala Aiyar, F N I ) 

(Received November 15, 1947 , read October 1, 1948 ) 

Jhtjioduction 

Larval forms of Polygordius and Saccocirrus had been recorded from Indian 
wateis (Goodrich, 1900, Aiyar, 1933 and 1935), but only recently have adult 
archiannelids been shown to occur in the intertidal zone of the Indian < oast by Aiyar 
and Alikunhi (1944) who have described six new Rpecies of Archiannelids, viz 
Polygordius madrasensis, P urovirtdis, Protodnlus pierantonn, P indtcus, Saccocirrus 
minor and S cirralus from the Madras beach, two of these species— Protodnlus 
pierantonn and Saccocirrus minor — also from the Malabar coast (he cit , p 120) 

While on a visit to Krusadai in September 1940, I had an opportunity of 
examining the intertidal sand around the island, and an examination of samples 
of sand revealed the presence ol Polygordius madrasensis Aiyar and Alikunhi, 
Protodnlus pierantonn Aiyar and Alikunhi and a new species of Saccocirrus, in 
fairly large numbers As this is the first record of archiannelids from this area, a 
brief account of these species is given m this paper 

The intertidal sand around flic island is considerably coarse, major portion 
being formal of large pieces of broken shells and corals, clean giavelly sand is rare 
and in most plaecs the substratum at low-watci level is formed of muddy sand 
or mud 

Worms were collected by taking samples of sand in a glasR trough anil shaking 
them vigorously with sea water when the worms, disturbed and shaken off fiom then 
lading plan s, could be seen swimming in water and were easily pipetted out 

Polygordius madrasensis Aiyar and Alikunhi 

Specimens of this common Madras species were obtained from ‘Sandy Point’, 
Krusadai, in coarse sand, a little above the low-water mark A dozen specimens, 
most of them mature females, filled with ova in the middle and posterior segments, 
were obtained m a smgle haul It is probable, therefore, thut they occur in large 
numbers The worms were very active, and in the living condition each measured 
about 15 to 20 mm in length They are slightly longer than the Madras specimens 
which only rarely reach above 12 mm Examination under the microscope, 
however, revealed that they are identical with the Madras species in all essential 
features 

Protodnlus pierantonn Aiyar and Alikunhi 

This species, which is also one of the commonest archiannelids of the Madras 
beach, occurs in large numbers in clean sand in the intertidal zone near Pamban 
bridge The substratum here is different from that at ‘Sandy Point ’ and consists 


* Paper read before the 29th Annual Session of the Indian Science Ongress Association, 
Baroda, 1942. 
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of clean minute pebbles, with a considerable portion of fine silt A Similar substratum 
is present in the intertidal zone at Rameswaram also ^jjgjlections were made 
liom this region in July 1943, and several specimens of these minute archiannelids 
obtained Specimens from both these localities were fully ripe — males and 
females with mature gonads — and measured 2 6 to 5 0 mm in length 


Saccocvrrua krusadensva sp nov 

A species ol Saccocirrus was found to occur in considerable numbers in coarse 
sand at ‘Sandy Point’, krusadai Smaller specimens of the same species were 
also obtained from Pamban and Rameswaram, in the name samples of sand as 
contained specimens of Protodnlus At ‘ Sandy Point’, duo to the coarse nature of 
the substiatum and the constant disturbance of the upper lajers of sand by the 
incessant waves, these worms arc actually found two or three inches below the 
surfact layir of sand, very neai the low-water lcvtl 

A good number of specimens were collected and studied fresh at Krusadai 
itself, but some of them wt re brought alive to the Zoological Research Laboratory, 
Madras, and were examim d for further dc tails It is found that the worm possesses 
important features m which it differs from all the known species of the genus, and 
lunce in the following pages it is described as a new species under the name 
tiactonn in kru widen vis 



That no 1 Saccocvrrua krusodensve sp nov 

(а) Anterior end, dorsal aspect , drawn from Ufo x 90 

(б) Caudal end showing structure of pygidium , drawn from life X 130 

oc — Alimentary canal , al — Anal lobe , amp — Ampulla , ap — Adhesive papilla , • — eye ; 
» or — Nuchal organ , p — Parapodium , ph — Pharynx , U — Tentacle 
4 s 
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Extebnal Chabaotees 

Worms aro very active and creep about in a characteristic leech-like fashion 
when placed in a dish of clean sea water They measure 20 to 25 mm in length 
in the living condition when the body is normally extended The number of 
segments varies from 100 to 150 Colouration is pale white with a tinge of light 
green The body, as usual, is highly contractile and tapers to either extremity but 
more so to the posterior The prostomium is conical and carries the two characteristic 
long tentacles which as in 8 minor are not constricted into segments (Fig la) At 
the base of each tentacle is a group of actively vibratile cilia The eyes, situated 
immediately behind the anterior extremity of the prostomium, are in the form of a 
pair of dark, usually remform pigment spots without lenses and with the convex 
sides facing each other The nuchal organs aie situated behind the level of tho 
tentacular bases The tentacles and the tip ot the prostomium are provided with 
palpocils- 

The pygidium is provided with a pair ot elongate <1 ami lobes, slightly tapering 
to tho tip (Fig 16) Bach lobe carries 6 to 9 glandular papillae’ situated on its 
vontro median aspect Tlic anterior onts ot these papillae are largti than the 
hinder ones On cadi papilla a large number of elongated adhesive glands open 
Tho secretion of these glands enables the worm to attach to the substratum by this 
end Palpoc ils aro present on these papillae The structure ot pygidium, as de 
scribed above, differs fiom that in 8 minor and 8 cirratn v m its ty pically bifurcated 
nature and in tho absence of anal cirri In the number, relative sue anil disposition 
of these papillae the prisent form differs Irom the other three species of the genus 
also 

There is a uniform dcvilopment of epidermal glands on the body suiface 
Groups of minute palpocils are present m every segment, on either side, at about tho 
parapodial level 

On the ventral surface, at tho level of the buccal invagination on either side of 
the median line, there is a linear band of cilia, arising fiorn a shallow groove In 
transverse si etions those (ilia are situated on cither side between the wall of the 
buccal invagination and the region directly lx low the nerve coni (Fig 2/) T-he 
cells adjoining tho cilia seem to be of a scnsoiy nature 

Tho purapodia aro minute cylindrical structuics which can bt rctraitcd into 
depressions on either side m the vtntro lateral aspect of the segment The first 
segment behind the head and also the last two arc apodous and achaetous, while the 
remaining segments possess parapodia with elmetae In all the other known 
species of the genus the last few segments varying from 5 to 12, or even in on , 
are devoid of parapodia and chaetae Setae are all simple bristles and there 
are 8 or 9 of them in each foot These bristles are of three distinct types as follow s 
(1) Extremely slender long bristles deeply bifid at the tip (fun ate stfa ) the two 
prongs are markedly unequal, the longer one with a slight bend at the base, being 
about three or four times the length of the shorter prong (Fig 2a) , in the anterior 
as well as the posterior segments there is only a single bristle of this kind in each 
foot, while in the middle segments two such setae may bo present in eat h , these 
setae project beyond the others in the bundle (2) Comparatively' stout bristles, 
also deeply bifid at the tip, but with equal prongs (Fig 26) , the inner aspect of each 
prong is delicately serrated , there aro three such setae in each of the anterior and 
posterior parapodia, while there may be four m the middle ones (3) Simple slender 
capillary bristles with blunt tips which may be imperceptibly notched (Fig 2c), 
there are two or three such bristles in each foot It may be observed that in 8 minor 
and 8 onentalia the tips of setae are all blunt; in S cirrntus all the setae, except one 
which is crutch-shaped, afe similar to those in 8 minor, in S paptUocercus one 
bnstle in each foot is provided with three prongs at the tip and the rest with blunt 
tips; and in 8 major the setae tips have three short projections It is therefore clear 
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that the structure of the setae in 8 Icrusaderms is different from that of tho other 
species and is of taxonomic value 

Intebnal Chabaotebs 

Head cavity — In general structure the head cavity resembles that of tho other 
species The transverse communicating canal is situated at the posterior extremity 
of the bram Tho ampullae are short and tapermg, and, unlike the condition in 
8 minor, do not extend to tho first setigerous segment (Fig la) Circular muscles 
are well developed m the wall of the ampullae A colourless fluid with nucleated 
corpuscles fills tho hoad-oavity In sections the lumc n of the ampullae is filled with 
a reticulum of tluck fibrils with nuclei at intervals (Fig 2d and /) The passage of 
the fluid from one ampulla to the other is inhibited by a set of delicate muscle libres 
that traverse the communicating canal (Fig 2d) 

Body wall —The epidermal layer is considerably tluck Each nucleus is m 
the form of a deeply staining conspicuous body, usually broad at the inner and 
tapeung towards the outer aspect of the cell, and under high magnification has a 
pronounced granular appearance (Figs 2e and .!«) This peculiar structure of the 
nu< lous seems to be characteristic of the genus and similar nuclear structure could 
bo made out in 8 minor and S nrratus also The circular and longitudinal muscle 
layers are well developed and an extremely thin eoelomic epithelium linos the body 
cavity 

Alimentary (’anal — Tho structure of the anterior part of the alimentary canal, 
though greatly diff eiing from that ol both 8 minor und 8 cirratus, closely resembles 
the phaiyngeal apparatus of S papillocercus The buccal invagination commences 
from behind the level of tho transverse communicating t anal of tho head-cavity, 
and extends to the level of tho hind ond of the ampullae The invaginated wall is 
enormously thickened, especially on the sides, and its roof or dorsal wall is power- 
fully ciliated Tho ventral wall is lined by cuticle Immediately behind, a muscular 
pad is developed on the ventral wall and this groatly obliterates the lumen Further 
bthnid, this pad separates from tin pharyngeal wall which is then completely 
devoid of muscles The ventral wall is very thick and the lumen is ciliated on all 
sides From tho lovel of the posterior extremity of the muscular pad, that is, from 
tho fourth setigorous segment, a layer of muscles makes its appearance, first on the 
ventral aspect and then gradually encroaching on to the dorsal wall From tho 
4th to tho 14th segment tho ahmentary canal is in the form of a narrow tube 
with thick walls, made up of a single layer of large secretory cells They 
are invariably filled with secretory granules which stain deeply It may bo 
mentioned that in 8 papillocercus, Marion and Bobrctrkj (1875), as well as Goodrich 
(1901) describe in the alimentary canal a glandular region represent ing the digestive 
stomac h and, as in 8 krusadensis, extending to tho 14th sc gment Tn the following 
segments tho gut is expanded and saccular with intcrscgmental constrictions In 
this region the cells are smaller and have rounded basal nuclei Unlike the condition 
in 8 papillocercus chloragogen cells are absent from tho ouUr surface of the 
ahmentary canal 

Nervous System — In the bram tho ganghon colls am crowded towards the dorsal 
aspect Tho brain at its posterior extremity is continued as two ventro laterally 
directed, broad nerve trunks — tho beginnings of the ventral nerve cords In 
S papillocercus (Goodrich, loc cit ) the ventral nerve cords arise from tho middle 
portion of the brain The buccal invagination commences only after the nerve 
trunks have assumed their ventral position In front of the buccal invagination 
each nerve trunk gets divided into two stout nerves, tho one nearer to the median 
line getting itself associated with the wall of the buccal invagination, thereby con- 
stituting the stomatogastnc system of nerves, while the outer nerves continue as 
tho ventral nerve cords In 8 papillocercus Goodrich traces the origin of the 
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stomatogastrio nerves up to the point of origin of the ventral nerve cords, which, as 
already mentioned, is situated more towards the middle portion of the brain The 
stomatogastrio nerves running along the wall of the buccal invagination gradually 
get on to the ventral wall of the pharynx and, finally, near the posterior extremity 
of the muscular pad unite together into a small enlargement 

Reproductive Organs — Sexes are separate and almost all the specimens collected 
from Krusadai were fully mature, while those from Pamban and Rameswaram 
were small and immature 

Male — The gonads are not developed in some of the anterior and a few extreme 
posterior segments In a specimen with 99 setigerous segments testes were developed 
in segments 27 to 90 It is interesting to observe that in all the specimens collected, 
both males and females, the genital elements were developed only on one side, 
usually the left Sections also show that the gonads are confined only to one side of 
the segmental chamber Further, the accessory reproductive structures like the 
sperm-sacs and penes in the male and the rcceptacula semmis in the female are all 
conspu uous by their unpaired naturo and are developed only on the same side as 
the gonads Since this condition has been observed m all the mature specimens 
examined — more than 50 m number — it is likely that this may be the normal feature 
in this particular species However, the exact reason for this complete suppression 
of the genital elements from one side is not clear Whether the method of copulation, 
which unfortunately has not been observed so far, would possibly explain this very 
peculiar one-sidt d condition of the gonads is not now known 

The testis is diffuse In living specimens a number of reddish-brown pigment 
granules surround each testis mass In sections they take up a dark stain The 
sperms aro elongated, wlup-like and extremely slender When pressed out they 
show activity by movements of their long flagella from which the head is hardly 
differentiated 

Paired ncphridia in the form of simple straight tubes aro present from the 
2nd sogment backwards In the genital segments, a group of long cili# is developed 
surrounding the nephrostome, and the ncphndial duct also gets slightly enlarged 
behind the septum It then enters a tlun-walled circular ciliated chamber — the 
sperm-sac (Fig 4a) The sperm sac is situated m the median chamber of the 
hotly cavity (Fig 46) In this feature it markedly differs from the other spetios of 
the genus which havo the sperm sacs situated in the lateral chamber of the body 
cavity In living specimens the wall of the sperm sac has a shrivelh d up or fringed 
appearance It is formed of a tangle lajcr of cells with rather prominent nuclei 
The cavity of the sperm sac w usually filled with sperms which are carried down 
into it from the coelom by the nophndial duct The sperm sac is continued as a 
comparatively broad ciliated duct, which entering the lati ral chamber of the body 
cavity turns up to the dorsal aspect and slightly enlarges to form the penis (Fig 4a) 
The penis is in the form of an elongated cylindrical organ, hardly tapering to the 
tip It is internally ciliated and fairly thick walled, the cells being granular in 
appearance Unlike the condition in S papiUocercvs and S minor cuticular rods 
supporting the perns aro oxtremely slender There is a short penis sheath formed 
by the invagination of the body- wall The tip of the perns, in the normal retracted 
condition, reaches the base of this sheath The penis is easily protrusible The 
external aperture of the penis is oval and the perns sheath is situated just abovo the 
parapodium of each segment, in the dorso-latoral aspect of the body 

Female — Mature femaleB are usually of a slightly deeper colour than the males 
As m the males, the gemtal elements are absent from some of the anterior and few 
of the hindmost segments In a specimen with 107 setigerous segments ova were 
developed m segments 26 to 94, but only on one side as in the males They are 
comparatively large and are of a greyish colour In npe individuals they are closely 
packed and m the normal condition they do not show any tendency to pass over 
to the other side 





K H ALIK O' HI ON SOME ARCHIANNEUDS OF THE KRUSADAI ISLAND 381 


Receptacula se minis are developed in the ovigerous segments and aro in com- 
munication with the nephridial duct (Fig 5a) They are not paired, each segment 
having only one receptaculum scmims At its proximal end it is a thin-walled 
spacious sac, invariably containing spermatozoa It is situated, like the sperm-sac, 
in the median chamber of the body cavity, but is not ciliated internally The 
saccular portion is continued mto a broad duct which suddenly develops a consider- 
ably thick wall of granular oells and a powerful internal lining of cilia The duet 
gradually narrows and finally opens to the extenor on the ventral side along with the 
nephridial duct (Fig 56) Sections reveal that between the proximal portion wbeie 
the sperms are stored and the duct of the receptaculum seminis there is a second 
saccular portion which markedly differs from the proximal part in the nature of the 
lining epithelium It takes lighter stain than the proximal part while the duct itself 
stains deeply 

In these segments the nephndia on the same side as the receptacula seminis 
are slightly more enlarged than usual and the cilia near the nephrostome cover a 
larger portion of the septal surface The nephridial duct running between the 
lateral longitudinal and circular muscles finally opens to the exterior along with the 
receptaculum seminis by a common aperture (Fig 56) 

The presence of sperms in the receptaculum seminis can only be explained, as 
in other species, by assuming that copulation has previously taken place, though 
this has not been observed The relation between the receptaculum seminis and the 
nephridial duct suggests that the eggs when fully mature might be carried down the 
nephridial duet and get fertilised at the point of extrusion, by the sperms sent down 
from the receptaculum seminis Bobretzky ( loc ext ) has scon the nephridial duct 
dilated with eggs in ripe specimens In the present instance also transverse sections 
have been obtained of a ripe female in which the ovum is actually half way down 
tho nephridial duct, in its way to the exterior Sperms have never been observed 
m the coelomic cavity of the female but are always found stored within the recep- 
taculum seminis 

Remarks — Including tho present form the genus Saccocxrrus at present consists 
of six species, viz 8 papxllocercus and 8 major from Europe and Japan, 8 minor, 
8. cxrratus and S orxentalxs from Madras, and the present form, 8 krusadensxs, from 
the Gulf of Manaar In tho structure of tho setae and pygidium 8 krusadensis 
markedly differs from the Madras species In the musculature of the pharynx it 
resembles S papxllocercus but tho nature of the setae and pygidium, shape of tho 
penis, the position of the sperm sacs and the one-sided nature of the gonads clearly 
mark it out from both 8 papxllocercus and 8 major 


Diagnostic Features 

Slender worms, 20 to 25 mm long, with 100 to 150 segments, parapodia on 
all segments exceptmg the first and the two hindmost ones, setae simple, deeply 
forked and of three types, anal lobes with 0 to 9 adhesive papillae, the distal ones 
much smaller than the proximal ones , ampullae of the head-cavity confined to the 
head segment, pharyngeal apparatus well developed and muscular, reproductive 
organs in both sexes developed only on one side , sperm-sac situated in the median 
ohamber of body cavity , perns in the form of an elongated, cylindrical, easily pro- 
trusible structure, with inoonspiouous cutioular rods , and receptaculum seminis with 
oiliated external duct 

Locality — Sandy beach, Krusadai, Pamban and Rameswaram in the Gulf of 
Manaar 
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Key to Species 


The following key has been prepared in the hope that it will facilitate easy 
diagnosis of the six species now included in the genus Saccoctrrus, external characters 
alone have been taken into consideration — 


1 


2 

3 


G 


Pygidium bifurcated , with or without adhesive 
papillae 

Pygidium not bifurcated , with two adhesive 
pads 

Without adhesive papillae , with two long anal 
cirri 

With adhesive papillae, without anal cirri 
Tips of setae smooth, without prongs 
Setae with two or three prongs at the tip 
With two prongs at the tip 
With three short equal prongs at the tip 
With the prongs unequal in few and equal in 
others 

Prongs short and equal in all setae (three 
prongs in one seta only) 


2 

Saccoctrrus minor 

Saccoctrrus cxrratua 

3 

Saccoctrrus onentalts 

4 

5 

Saccoctrrus major 
Saccoctrrus krusadenstt 
Saccoctrrus paptliocercus 
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